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Abstract	  	  The	  City	  of	  Chelsea	  is	  a	  coastal	  community	  that	  is	  facing	  an	  increased	  risk	  of	  flooding	  as	  climate	  change	  contributes	  to	  increased	  storm	  severity,	  sea	  level	  rise,	  and	  extreme	  heat	  events.	  The	  goal	  of	  this	  project	  was	  to	  provide	  flood	  adaptation	  strategy	  recommendations	  and	  relative	  cost	  estimates	  for	  public	  facilities	  critical	  to	  the	  City	  of	  Chelsea.	  Specifically,	  we	  evaluated	   five	   public	   facilities	   within	   the	   City	   to	   determine	   their	   structural	   and	  geographical	  characteristics	  that	  cause	  them	  to	  be	  at	  risk	  from	  coastal	  flood	  events,	  as	  well	  as	   their	   sensitivity	   to	   current	   and	   future	   flooding.	  Our	   team	  evaluated	   the	   probability	   of	  flooding	   for	   the	   critical	   facilities	   and	   compiled	   a	   set	   of	   adaptation	   strategies	   and	  supplemental	  materials	  with	  the	  support	  of	  the	  Massachusetts	  Institute	  of	  Technology	  Sea	  Grant	  College	  Program.	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Executive	  Summary	  	  	  	   	   Climate	  change	  is	  caused	  by	  increasing	  greenhouse	  gas	  emissions	  as	  a	  result	  of	  human	  activity.	   	  Two	  critical	  impacts	  of	  climate	  change	  are	  sea	  level	  rise	  and	  increased	  storm	   intensity	   (NOAA,	   2015).	   Coastal	   communities	   in	   particular	   are	   threatened	   by	  flooding	   due	   to	   their	   location	   near	   the	   ocean	   from	   the	   combined	   effects	   of	   tidal	   cycles,	  waves,	  wind,	  storm	  surge	  and	  sea	  level	  rise.	  Chelsea,	  a	  city	  located	  just	  north	  of	  Boston,	  MA,	  is	  one	  of	  many	  coastal	  locations	  that	  are	  vulnerable	  to	  flooding.	  With	  over	  35,000	  residents	  in	  only	  2.2	  mi2,	  Chelsea	  is	  a	  small	  but	  densely	  populated	  city	  surrounded	  by	  water	  on	  three	  sides.	   Over	   the	   last	   15	   years,	   flooding	   has	   cost	   the	   city	   and	   its	   residents	   approximately	  $16.8	  million	  in	  property	  damage	  (City	  of	  Chelsea,	  2014);	  a	  significant	  economic	  and	  social	  cost.	   Recently	   released	  models,	   by	   the	  Massachusetts	  Department	   of	   Transportation	   and	  the	   Woods	   Hole	   Group,	   for	   2030	   and	   2070	   1.0%	   and	   0.1%	   floods	   indicate	   inundation	  depths	  up	  to	  10	  ft.,	  highlighting	  severely	  vulnerable	  areas	  of	  the	  city.	  
Project	  Goal,	  Objectives	  and	  Methodology	  The	   goal	   of	   this	   project	   was	   to	   provide	   flood	   risk	   adaptation	   strategy	  recommendations	   and	   to	   assess	   of	   the	   vulnerability	   of	  municipal	   facilities	   critical	   to	   the	  City	  of	  Chelsea.	  Specifically,	  we	  evaluated	  five	  public	  buildings	  within	  the	  City	  of	  Chelsea	  to	  determine	   their	   structural	   and	   geographical	   characteristics	   that	   cause	   them	   to	  be	   at	   risk	  from	   coastal	   floods,	   as	   well	   as	   their	   sensitivity	   to	   current	   and	   future	   flooding.	   These	  facilities	   were	   the	   Carter	   Street	   Pump	   Station,	   Department	   of	   Public	   Works	   City	   Yard,	  Chelsea	  High	  School,	  Burke	  School	  Complex	  and	  the	  Massachusetts	  Information	  Technology	  Center.	  In	  order	  to	  achieve	  our	  goal,	  we	  completed	  the	  following	  objectives:	  1.	  Identified	  structural	  and	  geographical	  characteristics	  of	  public	  buildings	  that	  cause	  them	  to	  be	  structures	  at	  risk	  for	  coastal	  flooding.	  2.	  	  Identified	  sensitivity	  of	  critical	  buildings	  by	  looking	  at	  their	  services	  and	  uses,	  during	  both	  routine	  operations	  and	  flood	  events.	  3.	  Identified	  possible	  flood	  adaptation	  measures	  that	  could	  be	  used	  in	  conjunction	  with	  critical	  public	  buildings.	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4.	  Created	  a	  prioritized	  list	  of	  flood	  adaptation	  strategies	  with	  a	  level	  of	  urgency,	  in	  addition	  to	  relative	  cost	  and	  time	  estimates	  for	  proposed	  options.	  This	   project	   was	   completed	   through	   the	   execution	   of	   multiple	   tasks	   in	   order	   to	  satisfy	   our	   four	   objectives.	   To	   identify	   structural	   and	  geographical	   characteristics	   of	  
public	  buildings	   that	   cause	   them	   to	  be	   structures	  at	   risk	   from	  coastal	   flooding,	  we	  evaluated	   the	   location	   of	   each	   facility,	   in	   the	   flood	   maps	   provided,	   to	   gather	   projected	  inundation	   levels.	   Next,	  we	   interviewed	   site	   representatives	   to	   gather	  more	   information	  about	  each	  building,	  including	  its	  flood	  history	  and	  current	  condition.	  We	  were	  then	  able	  to	  go	  on	  site	  tours	  and	  identify	  conditions	  that	  would	  affect	  the	  sites	  vulnerability,	  as	  well	  as	  photograph	   each	   site	   for	   visual	   aid	   usage	   at	   a	   later	   time.	   Finally,	   we	   reviewed	   the	  blueprints	   of	   each	   building	   to	   identify	   structural	   components	   that	   may	   have	   increased	  exposure	  to	  floods	  and	  information	  was	  recorded	  into	  a	  data-­‐gathering	  table.	  	  In	   order	   to	   identify	   the	   sensitivity	   of	   critical	   buildings	   by	   looking	   at	   their	  
services	   and	   uses,	   during	   both	   routine	   operations	   and	   flood	   events,	  we	   asked	   site	  representatives,	  during	  our	   interviews,	   about	   these	   services	   and	   their	   importance	   to	   the	  City.	  The	   interviews	  followed	  a	  structured	  format,	  and	  the	  answers	  were	  recorded	  in	  the	  data-­‐gathering	  table	  to	  document	  the	  sensitivity	  of	  each	  facility.	  These	  tables	  also	  allowed	  for	  organized	  data	  collection	  and	  comparison	  of	  adaptation	  strategies	  between	  sites	  later	  in	  our	  project.	  To	   identify	   possible	   flood	   adaptation	   measures	   that	   could	   be	   used	   in	  
conjunction	   with	   critical	   municipal	   buildings	   we	   created	   flow	   chart	   diagrams,	   to	  highlight	   intervention	  points	   for	   the	   implementation	  of	   adaptation	   strategies,	   taking	   into	  account	   the	   different	   flood	   scenarios	   and	   consequences	   of	   their	   impacts.	   These	  intervention	   points	  were	   then	   used	   to	   conduct	   a	   literature	   review	   to	  match	   site-­‐specific	  situations	  with	  case	  studies	  on	  sites	  similar	  to	  those	  in	  Chelsea.	  	  Finally,	  we	  matched	  the	  adaptation	  strategies	  that	  were	  found	  during	  the	  literature	  review	   to	   the	   risks	   from	   flood	   faced	   by	   the	   City,	   to	   create	   a	   prioritized	   list	   of	   flood	  
adaptation	   strategies	  with	   a	   level	   of	   urgency,	   in	   addition	   to	   relative	   cost	   and	   time	  
estimates	  for	  the	  proposed	  options.	  The	  strategies	  were	  then	  compiled	  into	  site-­‐specific	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tables	  and	   ranked	  by	   relative	   cost,	   effectiveness,	   and	   time	   frame	   for	   implementation	  and	  were	  organized	  according	  to	  the	  depth	  of	  inundation	  they	  are	  designed	  to	  protect	  against.	  The	   photos	   taken	   earlier	   in	   the	   project	  were	   then	   photo-­‐shopped	   to	   show	   the	   projected	  inundation	  depths.	  These	  photos	  were	  incorporated	  into	  the	  recommendations	  table	  for	  a	  more	  complete	  understanding	  of	  how	  dire	  flood	  adaptation	  is.	  	  
Findings	  Based	   on	   the	   risk	   from	   flooding	   faced	   by	   the	   City	   of	   Chelsea,	   we	   analyzed	   flood	  adaptation	  strategies	  that	  are	  meant	  to	  reduce	  the	  vulnerability	  to	  flood	  of	  a	  specific	  area	  or	  structure.	  By	  reducing	  exposure	  and	  sensitivity,	  vulnerability	  can	  be	  reduced.	  Through	  completing	  of	  our	  first	  two	  objectives,	  we	  evaluated	  Chelsea’s	  critical	  municipal	  facilities	  to	  address	  their	  vulnerability	  to	  floods.	  The	  five	  critical	  facilities	  specified	  are	  the	  following:	  	  
1.	  Carter	  Street	  Pump	  Station:	  a	  small	  structure	  which	  houses	  a	  pump	  located	  30ft.	  underground	   that	   is	   used	   to	   pump	   ground	   and	   surface	   water	   out	   of	   a	   119	   acre	   area	   of	  Chelsea.	  
2.	   Department	   of	   Public	   Works	   City	   Yard:	   a	   structure	   that	   is	   responsible	   for	  housing	   all	   of	   the	   Department	   of	   Public	   Works’	   vehicles,	   road	   salt,	   gravel,	   and	   other	  materials.	  
3.	   Chelsea	  High	   School:	   a	   high	   school	   that	  many	   of	   Chelsea’s	   youth	   attend	   and	   a	  structure	  that	  is	  to	  be	  used	  as	  a	  shelter	  during	  a	  flood	  event.	  
4.	  Burke	  School	  Complex:	  a	  complex	  that	  consists	  of	  four	  schools	  and	  is	  to	  be	  used	  as	  a	  shelter	  during	  a	  flood	  event.	  	  
5.	  Massachusetts	  Information	  Technology	  Center	  (MITC):	  a	  building	  that	  is	  owned	  by	  the	  state	  of	  Massachusetts	  and	  is	  responsible	  for	  storing	  and	  processing	  tax	  information	  for	  all	  of	  Massachusetts.	  	  We	  were	  able	   to	  describe	   the	  critical	   function	  and	  services	  of	  each	   facility	   to	   then	  assess	   how	   a	   flood	   can	   impact	   these	   services	   in	   order	   to	   identify	   vulnerabilities	   on	   a	  building-­‐by-­‐building	  basis.	  Some	  of	  these	  critical	  functions	  and	  services	  include	  pumping	  of	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water	   out	   of	   the	   City,	   storage	   of	   public	   vehicles,	   school	   systems,	   shelters	   and	   data	  processing	  centers.	  	  Then,	  based	  on	  the	  completion	  of	  our	  third	  objective,	  we	  reviewed	  literature	  to	  find	  information	   on	   adaptation	   measures	   that	   could	   be	   implemented	   on	   each	   facility,	   and	  organized	  them	  by	  strategies	  that	  reduce	  building	  exposure	  (e.g.	  floodwalls,	  tiger	  dams	  and	  green	   infrastructure)	   and	   strategies	   that	   reduce	   building	   sensitivity	   (e.g.	   relocation	   of	  critical	  resources	  and	  intricate	  systems).	  Because	  adaptation	  measures	  are	  best	  suited	  for	  different	  kinds	  of	  environments	  or	  situations,	  to	  create	  the	  prioritized	  list	  of	  strategies,	  we	  considered	   factors	  such	  as	   land	  availability,	   financial	   resources,	  or	   the	   level	  of	  protection	  needed	  and	  combined	  the	  best	  suited	  strategies	  to	  each	  facility.	  	  	  
	  
Recommendations	  and	  Conclusions	  	  This	   project	   used	   our	   team’s	   fieldwork	   and	   case	   study	   review	   to	   provide	   vulnerability	  information	   and	   adaptation	   alternatives	   for	   the	   City	   of	   Chelsea	   and	   FST	   Inc.	  We	   include	  broad	  recommendations	  for	  the	  individual	  buildings	  moving	  forward	  with	  implementation	  of	   adaptation	   strategies,	   then	   recommendations	   for	   the	   City	   of	   Chelsea	   with	   regards	   to	  planning,	  and	  finally	  recommendations	  for	  continuation	  of	  our	  research.	  
Recommendations	  for	  Individual	  Facilities	  	  Due	   to	   the	   limited	   time	   frame	   of	   our	   project,	   we	   were	   unable	   to	   provide	   exact	   cost	  estimates	   for	   the	   adaption	   strategies	   that	   we	   proposed.	   Therefore	   we	   included	   broad	  recommendations	  utilizing	  the	  information	  that	  we	  gathered	  regarding	  each	  facility.	  
Carter	  Street	  Pump	  Station	  ·	   	   	   	   	   	   	   	   	  The	  City	  of	  Chelsea	  should	   focus	  their	  efforts	  on	  protecting	  the	  pump	  station	   first,	  and	  
implement	   the	   most	   effective	   strategies	   at	   this	   facility.	   	   Without	   this	   valuable	   facility,	  flooding	  in	  the	  City	  of	  Chelsea	  would	  only	  get	  worse,	  and	  therefore	  the	  survival	  of	  this	  asset	  should	  be	  ensured.	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Department	  of	  Public	  Works	  City	  Yard	  ·	   	   	   	   	   	   	   	   	  The	  City	  of	  Chelsea	  should	  implement	  mainly	  low	  cost	  adaptation	  strategies	  for	  the	  City	  
Yard.	  The	  City	  Yard	  building	  itself	  is	  beginning	  to	  decay	  and	  may	  be	  approaching	  the	  end	  of	  its	   lifespan.	   	   For	   this	   reason,	  we	  are	  only	   recommending	   the	   implementation	  of	   low	  cost	  strategies	  in	  order	  to	  protect	  the	  office	  area	  that	  is	  currently	  there. 
Chelsea	  High	  School	  and	  Burke	  School	  Complex	  ·	   	   	   	   	   	   	   	   	  The	  City	  of	  Chelsea	   should	   implement	  adaptation	  measures	   for	   these	   schools	   that	  will	  
protect	  the	  building	  against	  flood	  damage	  until	  the	  end	  of	  its	  expected	  lifespan.	  	  Both	  schools	  are	  currently	  used	  as	  a	  shelter	  to	  residents	  of	  the	  city	  during	  an	  emergency	  and	  it	  is	  critical	  that	  these	  facility	  are	  able	  to	  continue	  this	  use.	  
Massachusetts	  Information	  Technology	  Center	  (MITC)	  ·	   	   	   	   	   	   	   	   	  After	  creating	  our	  findings	  for	  the	  other	  critical	  sites	  during	  our	  project,	  we	  believe	  that	  
the	   MITC	   should	   begin	   considering,	   if	   they	   have	   not	   already	   done	   so,	   flood	   adaptation	  
strategies	   to	   take	   into	   account	   water	   levels	   projected	   by	   the	   2070	   inundation	   maps,	   as	  
provided	   by	   the	   Woods	   Hole	   Group	   (Woods	   Hole	   Group,	   2015).	   	   Due	   to	   the	   limited	  information	  that	  the	  MITC	  was	  able	  to	  provide	  us,	  we	  recommend	  the	  MITC	  to	  consider	  or	  reevaluate	  their	  current	  adaptation	  strategies	  based	  on	  this	  new	  information	  provided	  by	  the	  Woods	  Hole	  Group.	  
Recommendations	  for	  City	  of	  Chelsea	  Planning	  	  ·	  	  	  	  	  	  	  	  	  After	  completing	  research	  with	  the	  money	  from	  the	  CZM	  grant,	  the	  City	  of	  Chelsea	  should	  
review	  our	  flood	  adaptation	  strategies	  with	  members	  of	  FST	  Inc.	  to	  evaluate	  the	  plausibility	  of	  
implementation.	  By	  utilizing	  FST’s	  access	  to	  cost	  history,	  the	  City	  of	  Chelsea	  can	  create	  more	  detailed	   estimates	   of	   cost,	   enabling	   them	   to	   find	   funding	   that	  will	   cover	   some,	   or	   all,	   of	  these	  costs.	  	  ·	  	  	  	  	  	  	  	  	  The	  City	  of	  Chelsea	  should	  prepare	  flood	  preparedness	  plans	  using	  photos	  provided	  by	  our	  
team.	   These	   plans	   should	   be	   created	   with	   employees	   from	   each	   site	   that	   would	   have	  responsibilities	  in	  flood	  preparation	  and	  services,	  to	  ensure	  that	  all	  involved	  are	  aware	  of	  their	  roles.	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·	   	   	   	   	   	   	   	   	  The	  City	  of	  Chelsea	  should	  share	  the	  information	  gathered	  by	  our	  group	  with	  FST	  before	  
they	  begin	  their	  work	  to	  they	  can	  incorporate	  it	  into	  their	  project.	  Utilizing	  the	  information	  that	  we	   have	   gathered	  with	   regards	   to	   the	   vulnerability	   and	   sensitivity	   of	   critical	   public	  facilities	  will	  allow	  more	  time	  and	  money	  to	  go	  towards	  the	  implementation	  of	  adaptation	  strategies. 
Recommendations	  for	  Continuation	  of	  Research	  ·	  	   	   	   	   	   	   	   	  Flood	  adaptation	  solutions	  should	  be	  expanded	  into	  non-­‐municipal	  buildings	  in	  the	  area,	  
such	   as	   the	   new	   hotel,	   FBI	   building,	   and	   apartment	   complex	   currently	   being	   built.	   These	  buildings	  have	  potential	  to	  be	  very	  beneficial	  to	  Chelsea’s	  economy	  and	  therefore	  should	  be	  protected	  if	  possible.	  ·	   	   	   	   	   	   	   	   	  Expand	  future	  planning	  to	  include	  neighboring	  municipalities,	  to	  allow	  for	  the	  greatest	  
utilization	  of	  resources	  and	  more	  regional	  solutions.	  Because	  of	  their	  geographical	  proximity	  they	   are	   exposed	   to	   similar	   flood	   risks.	   In	   order	   to	   make	   a	   better	   use	   of	   resources,	   we	  recommend	  that	  the	  City	  of	  Chelsea	  expands	  their	  planning	  to	  include	  actions	  that	  could	  be	  implemented	  in	  conjunction	  with	  neighboring	  areas.	   	  	   	   	   	   	  ·	  	  	  	  	  	  	  	  	  The	  City	  of	  Chelsea	  should	  create	  zoning	  regulations	  with	  more	  rigorous	  standards	  that	  go	  
beyond	   those	   required	   to	  be	  a	  part	  of	   the	  NFIP.	   	  As	   it	   currently	   stands	   the	  City	  of	  Chelsea	  complies	   with	   NFIP	   regulations.	   However,	   as	   floodplains	   evolve,	   buildings	   that	   fulfilled	  these	  requirements	  when	  they	  were	  built	  may	  not	  fulfill	  them	  any	  longer.	  	  ·	   	   	   	   	   	   	   	   	  Continuous	  updates	   to	   flood	  preparedness	  plans	   should	  be	  made	  as	   employee	   contact	  
information	   changes,	   building	   uses	   vary,	   and	   flood	   scenarios	   evolve.	   These	   flood	  preparedness	  plans	  can	  be	  a	  very	  useful	  resource	  in	  preparing	  for	  a	  flood,	  but	  as	  employee	  information	   changes,	   building	   uses	   vary,	   and	   flood	   scenarios	   evolve,	   these	   plans	   can	  become	  outdated	  and	  lose	  value.	  	  	  	   Climate	  change’s	  impact	  on	  the	  rapid	  increase	  in	  storm	  severity,	  storm	  occurrences	  and	   sea	   level	   rise	   has	   made	   Chelsea	   more	   at	   risk	   from	   flooding.	   The	   adverse	   effects	   of	  flooding	   are	   likely	   to	   affect	   the	   critical	   municipal	   facilities.	   The	   implementation	   of	   flood	  adaptation	  strategies	   in	  the	  City	  can	  help	  decrease	  the	  risk	   from	  flooding	  to	  the	  City.	  Our	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group	   evaluated	   the	   vulnerabilities	   associated	   with	   each	   facility	   and	   identified	   various	  adaptation	  strategies	  that	  have	  been	  shown	  to	  minimize	  flood	  damage.	  Then,	  we	  created	  a	  prioritized	   list	  of	  strategies	   for	  each	   facility	  and	  organized	  them	  by	  relative	  effectiveness,	  cost,	  and	  time	  for	  implementation.	  We	  then	  generated	  a	  structured	  set	  of	  deliverables	  that	  identify	   possible	   adaptation	   strategies	   for	   implementation	   for	   each	   facility	   and	   have	   the	  potential	   to	   increase	   flood	   adaptation	   funding	   for	   the	  City,	   and	   create	   a	   need	   for	   further	  research	  from	  the	  MIT	  Sea	  Grant	  and	  the	  City	  of	  Chelsea.	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1.0-­‐	  Introduction	  Climate	  change	  is	  caused	  by	  increasing	  greenhouse	  gas	  emissions	  as	  a	  result	  of	  human	  activity.	  	  Two	  critical	  impacts	  of	  climate	  change	  are	  sea	  level	  rise	  and	  increased	  storm	  intensity	  (NOAA,	  2015).	  The	  average	  global	  temperature	  has	  increased	  by	  1.53	  degrees	  Fahrenheit	  since	  1880	  (National	  Center	  for	  Atmospheric,	  2012)	  which	  has	  led	  to	  the	  thermal	  expansion	  of	  water,	  the	  melting	  of	  ice	  caps,	  and	  the	  change	  of	  ocean	  currents	  (Shah,	  2012).	  Unless	  significant	  actions	  are	  taken	  to	  reduce	  greenhouse	  gas	  emissions,	  by	  the	  year	  2100	  temperatures	  are	  expected	  to	  rise	  an	  additional	  2.5-­‐8	  degrees	  Fahrenheit.	  Global	  sea	  levels	  have	  risen	  roughly	  eight	  inches	  since	  1880	  and	  are	  projected	  to	  rise	  nearly	  four	  feet	  by	  2100	  (Walsh,	  Wuebbles,	  &	  Hayhoe,	  2014).	  Increasing	  storm	  intensity	  will	  result	  in	  an	  increase	  in	  storm	  water	  runoff,	  which	  will	  lead	  to	  more	  flooding,	  especially	  in	  areas	  with	  poor	  drainage	  (Change	  Adaptation	  Advisory	  Committee,	  Office	  of	  Energy,	  &	  Affairs,	  2011)(Climate	  Nexus,	  2013).	  Coastal	  communities	  in	  particular	  are	  threatened	  by	  flooding	  due	  to	  their	  location	  near	  the	  ocean,	  from	  the	  combined	  effects	  of	  tidal	  cycles,	  waves,	  winds,	  storm	  surges	  and	  sea	  level	  risings	  (Climate	  Nexus,	  2013).	  Coastal	  flooding	  has	  contributed	  to	  more	  than	  5,000	  deaths	  and	  over	  $150	  billion	  in	  losses	  from	  the	  years	  2000	  to	  2010	  in	  the	  U.S.	  (Abhas	  K	  Jha,	  Robin	  Bloch,	  2012).	  Additionally,	  as	  a	  result	  of	  climate	  change,	  the	  most	  recent	  projections	  show	  an	  increase	  in	  severity	  of	  future	  flood	  risks	  for	  coastal	  communities	  (Federal	  Emergency	  Management	  Agency,	  n.d.).	  	  For	  example,	  the	  Boston	  area	  has	  experienced	  a	  sea	  level	  rise	  of	  11	  inches	  over	  the	  last	  100	  years,	  and	  is	  projected	  to	  face	  an	  increase	  of	  six	  feet	  by	  the	  year	  2100	  (Melillo,	  Richmond,	  &	  Yohe,	  2014)	  versus	  the	  global	  average	  of	  four	  feet.	  Similarly,	  Massachusetts	  has	  recorded	  an	  increase	  in	  intensity	  of	  their	  largest	  annual	  storm	  by	  20%	  from	  1948	  to	  2011	  (Climate	  Nexus,	  2013).	  	  Chelsea,	  a	  city	  located	  just	  north	  of	  Boston,	  MA,	  is	  one	  of	  many	  coastal	  locations	  that	  are	  vulnerable	  to	  flooding.	  With	  over	  35,000	  residents	  in	  only	  2.2	  mi2,	  Chelsea	  is	  a	  small	  but	  densely	  populated	  peninsula.	  The	  increasing	  sea	  level	  rise	  and	  increasing	  storm	  severity	  is	  likely	  to	  exacerbate	  the	  effects	  of	  storms	  on	  the	  city.	  When	  combined	  with	  an	  increase	  in	  population	  and	  property	  value	  through	  new	  developments,	  Chelsea	  faces	  a	  greater	  risk	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overall	  (City	  of	  Chelsea,	  2014).	  	  Over	  the	  last	  15	  years,	  flooding	  has	  cost	  the	  city	  and	  its	  residents	  approximately	  $16.8	  million	  in	  property	  damage	  (City	  of	  Chelsea,	  2014);	  a	  significant	  economic	  and	  social	  cost.	  	  	  Cities	  like	  Chelsea	  can	  consider	  ways	  to	  manage	  risks	  and	  pro-­‐actively	  plan	  for	  the	  future	  impacts	  of	  sea	  level	  rise	  (Walsh	  et	  al.,	  2014),	  (Webler,	  Tuler,	  Dow,	  Whitehead,	  &	  Kettle,	  2014).	  For	  example,	  Baltimore,	  Maryland	  has	  completed	  a	  hazard	  mitigation	  plan	  that	  implements	  effective	  mitigation	  and	  adaptation	  recommendations	  (City	  of	  Baltimore,	  2013).	  Coastal	  cities	  and	  towns	  of	  Massachusetts	  such	  as	  Duxbury,	  Hingham	  and	  Somerville	  have	  identified	  vulnerabilities	  within	  their	  towns	  and	  began	  planning	  to	  implement	  mitigation	  strategies.	  	  Hingham	  has	  conducted	  research	  on	  ways	  to	  protect	  the	  community	  from	  projected	  2030	  and	  2070	  flood	  levels	  and	  found	  that	  their	  main	  concern	  was	  raising	  sea	  walls	  and	  installing	  sump	  pumps	  systems	  to	  protect	  themselves	  from	  the	  increased	  storm	  risks	  (Kleinfelder,	  2015).	  In	  the	  same	  way,	  Somerville	  has	  researched	  strategies	  that	  include	  sewer	  separation,	  underground	  storage,	  and	  green	  infrastructure	  implementation	  (Development,	  2003).	  On	  a	  similar	  scale,	  Scituate,	  Massachusetts	  was	  able	  to	  identify	  sixteen	  different	  adaptations,	  consisting	  of	  a	  variety	  of	  options	  including	  building	  hurricane	  barriers	  and	  sea	  walls,	  raising	  utilities,	  and	  raising	  parking	  lots	  (Kleinfelder,	  2015).	  Although	  many	  cities	  have	  been	  preparing	  for	  flood	  impacts,	  Chelsea	  lacks	  such	  detailed	  plans	  and	  strategies.	  	  	  Chelsea’s	  city	  officials	  are	  similarly	  aware	  of	  the	  threat	  of	  flooding	  and	  have	  taken	  actions	  to	  address	  flooding	  risks.	  For	  example,	  they	  completed	  a	  flood	  mitigation	  plan	  with	  multiple	  components	  including	  improvements	  to	  the	  city	  drain	  system	  for	  storms,	  as	  well	  maintenance	  of	  catch	  basins	  (City	  of	  Chelsea,	  2014).	  The	  city	  also	  implemented	  a	  Capital	  Improvement	  Plan,	  which	  presents	  the	  opportunity	  to	  incorporate	  projects	  that	  could	  better	  manage	  storm	  water	  and	  diminish	  the	  likelihood	  of	  damages	  incurred	  by	  flood	  events	  (City	  of	  Chelsea,	  2014).	  As	  well	  as	  a	  set	  of	  guidance	  documents	  to	  better	  prepare	  city	  officials	  and	  the	  community	  for	  the	  impacts	  of	  flooding.	  In	  addition,	  their	  Comprehensive	  Emergency	  Management	  Plan	  (CEMP),	  addresses	  preparedness	  and	  recovery	  methods	  following	  natural	  disasters,	  such	  as	  flooding	  (City	  of	  Chelsea,	  2014).  
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However,	  in	  spite	  of	  these	  preparations,	  future	  floods	  are	  projected	  to	  be	  exacerbated	  by	  climate	  change	  (NOAA,	  2015).	  Properties	  in	  Chelsea	  face	  an	  increased	  risk	  of	  flood	  as	  indicated	  in	  the	  FEMA	  flood	  maps	  (Federal	  Emergency	  Management	  Agency,	  n.d).	  Recently	  improved	  models	  also	  project	  higher	  flood	  inundation	  levels	  for	  the	  City	  of	  Chelsea	  and	  the	  surrounding	  areas	  (Massachusetts	  Department	  of	  Transportation,	  2014).	  This	  new	  information	  suggests	  that	  Chelsea	  should	  consider	  a	  likely	  increase	  in	  the	  intensity	  and	  severity	  of	  floods	  when	  planning	  developments,	  as	  their	  local	  infrastructure	  becomes	  more	  vulnerable	  to	  flooding	  in	  the	  future.	  These	  facilities	  provide	  vital	  services	  to	  its	  population,	  such	  as	  drainage	  and	  electrical	  systems,	  collection	  of	  assets,	  or	  networks	  that	  contribute	  to	  the	  economy,	  government,	  or	  society	  (NOAA,	  n.d.).	  If	  the	  infrastructure	  and	  functionality	  of	  these	  critical	  facilities	  were	  to	  be	  impaired	  the	  city	  would	  suffer	  a	  great	  impact.	  The	  goal	  of	  this	  project	  was	  to	  develop	  flood	  adaptation	  strategy	  recommendations	  and	  relative	  cost	  estimates	  for	  public	  facilities	  critical	  to	  the	  City	  of	  Chelsea.	  	  We	  met	  this	  goal	  by	  first	  identifying	  the	  qualities	  of	  a	  building	  that	  cause	  them	  to	  be	  structures	  at	  risk	  from	  coastal	  flooding,	  which	  included	  researching	  flood	  maps	  and	  existing	  drainage	  and	  green	  space	  at	  these	  facilities.	  Second,	  through	  interviews	  with	  facility	  representatives	  we	  gained	  insights	  about	  the	  routine	  and	  emergency	  services	  and	  existing	  adaptation	  measures	  of	  the	  facilities	  to	  gain	  a	  better	  overall	  idea	  of	  the	  criticality	  and	  flood	  preparedness	  of	  each	  structure.	  	  This	  work	  resulted	  in	  the	  creation	  of	  GIS	  maps	  that	  locate	  the	  individual	  facilities	  in	  projected	  flood	  inundation	  depth	  zones	  for	  the	  years	  of	  2030	  and	  2070.	  Combining	  the	  information	  obtained	  from	  the	  maps,	  the	  interviews	  with	  facility	  representatives	  and	  city	  officials	  with	  our	  research	  on	  adaptation	  strategies,	  we	  recommended	  a	  prioritized	  list	  of	  adaptation	  strategies,	  which	  included	  relative	  cost	  estimates	  that	  will	  make	  these	  facilities,	  as	  well	  as	  the	  City	  of	  Chelsea,	  much	  more	  resilient	  to	  flooding	  for	  years	  to	  come.	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2.0-­‐	  Background	  The	  increasing	  risks	  that	  climate	  change	  and	  sea	  level	  rise	  are	  causing	  has	  led	  many	  coastal	  cities	  to	  assess	  the	  potential	  risks	  that	  they	  may	  face	  as	  a	  result	  of	  these	  factors.	  	  Many	  coastal	  cities	  have	  already	  implemented	  numerous	  adaptation	  strategies	  in	  an	  effort	  to	  minimize	  or	  eliminate	  these	  threats.	  This	  chapter	  will	  provide	  an	  overview	  of	  Chelsea	  Massachusetts	  and	  some	  of	  the	  city’s	  current	  flood	  concerns	  as	  well	  as	  review	  how	  sea	  level	  rise	  and	  increased	  storm	  severity	  have	  already	  begun	  to	  affect	  the	  Northeastern	  United	  States.	  This	  chapter	  will	  then	  breakdown	  how	  these	  effects	  can	  be	  classified,	  followed	  by	  adaptation	  solutions	  that	  have	  been	  used	  by	  various	  cities	  and	  towns	  to	  reduce	  the	  negative	  impact	  of	  the	  these	  effects.	  	  	  	  	  	  2.1)	  A	  Brief	  Overview	  of	  the	  City	  of	  Chelsea	  The	  City	  of	  Chelsea,	  MA	  is	  a	  2.2	  square	  mile,	  densely	  populated	  city	  (see	  overview	  map	  in	  Appendix	  B)	  located	  five	  miles	  outside	  of	  Boston,	  MA	  (US	  Census,	  2010)[1]	  .	  Chelsea	  consists	  of	  mostly	  coastal	  lowlands,	  with	  only	  four	  areas	  of	  higher	  elevation.	  	  Many	  areas	  of	  Chelsea	  were	  once	  composed	  of	  wetlands	  and	  marshes,	  but	  were	  filled	  in	  to	  make	  space	  for	  Chelsea	  to	  expand	  (Guay,	  Hennessy,	  Richard,	  &	  Rojas,	  2014).	  This	  includes	  much	  of	  the	  Island	  End	  River,	  which	  was	  mostly	  filled	  in	  by	  1946,	  meaning	  that	  much	  of	  Chelsea	  is	  built	  on	  a	  former	  river	  bed	  (CDM,	  2010).	  	  With	  these	  filled	  in	  areas,	  the	  City	  of	  Chelsea	  was	  able	  to	  expand	  economically,	  allowing	  room	  for	  a	  250,000	  square-­‐foot	  FBI	  headquarters,	  a	  new	  hotel	  by	  XXS	  Hotel	  Development	  Company,	  and	  a	  230	  unit	  apartment	  complex	  by	  the	  Transdel	  Corporation	  (Guay	  et	  al.,	  2014),	  however	  these	  properties	  and	  the	  surrounding	  area	  are	  still	  have	  a	  high	  water	  table,	  making	  them	  prone	  to	  flooding. Chelsea’s	  population	  demographics	  contribute	  to	  its	  challenge	  to	  minimize	  the	  effects	  of	  flooding.	  According	  to	  a	  census	  completed	  in	  2010,	  Chelsea	  is	  currently	  home	  to	  35,177	  residents	  (US	  Census,	  2010)	  however	  its	  history	  of	  being	  a	  safe	  haven	  for	  refugees	  and	  their	  families	  (Massachusetts	  General	  Hospital,	  2015)	  leads	  city	  officials	  to	  believe	  that	  this	  number	  is	  closer	  to	  45,000	  (DePriest,	  2015).	  	  It	  is	  estimated	  that	  approximately	  80	  languages	  are	  spoken	  by	  children	  in	  schools	  (DePriest,	  2015).	  	  Since	  many	  members	  of	  the	  community	  are	  not	  legally	  registered,	  Chelsea	  is	  unable	  to	  apply	  for	  funding	  from	  state	  and	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federal	  grants	  based	  on	  its	  actual	  population,	  making	  it	  difficult	  to	  afford	  measures	  to	  increase	  the	  resiliency	  of	  the	  city.	   The	  city	  has	  a	  history	  of	  low	  economic	  status	  due	  to	  its	  relatively	  low	  income	  per	  household	  in	  comparison	  to	  the	  rest	  of	  the	  state	  ($47,291	  	  vs	  $66,866)	  with	  23.7%	  of	  families	  reported	  living	  at	  or	  below	  poverty	  level	  (US	  Census,	  2010).	  	  Chelsea’s	  most	  recent	  major	  economic	  event	  was	  its	  bankruptcy	  in	  the	  1990s	  when	  the	  administration	  of	  the	  city	  was	  handed	  over	  to	  the	  state,	  	  and	  was	  not	  returned	  to	  the	  city	  until	  5	  years	  later	  (Fager,	  1994).	  	  However,	  in	  recent	  years,	  Chelsea	  has	  received	  increasing	  state	  and	  federal	  funds,	  which	  have	  allowed	  the	  city	  to	  stimulate	  its	  local	  economy	  and	  bring	  unemployment	  down	  from	  its	  high	  during	  the	  financial	  crisis	  (DePriest,	  2015).	  	  	  While	  the	  increase	  in	  industry	  was	  beneficial	  to	  the	  economy	  of	  Chelsea,	  it	  was	  also	  harmful	  to	  the	  surrounding	  environment.	  	  According	  the	  US	  Coast	  Guard,	  since	  December	  2005	  approximately	  41,866	  gallons	  of	  petroleum	  product	  spilled	  into	  the	  Chelsea	  Creek;	  and	  in	  the	  last	  15	  years	  there	  have	  been	  a	  total	  of	  35	  oil	  spills	  amounting	  to	  96,653	  gallons	  of	  oil	  spilled	  into	  the	  Creek.	  	  In	  addition	  to	  the	  numerous	  sources	  of	  air,	  water	  and	  land	  pollution	  located	  along	  the	  Chelsea	  Creek,	  Chelsea	  residents	  are	  exposed	  to	  air	  emissions	  from	  traffic	  on	  state-­‐designated	  truck	  routes.	  Major	  contributors	  to	  these	  hazardous	  air	  emissions	  are	  trucks	  traveling	  to	  and	  from	  the	  New	  England	  produce	  market	  in	  Chelsea	  (which	  had	  37,000	  truck	  deliveries	  last	  year),	  and	  vehicles	  traversing	  the	  Tobin	  Bridge	  and	  Route	  16,	  both	  of	  which	  bisect	  the	  city.	  	  Chelsea	  has	  the	  highest	  asthma	  hospitalization	  rates	  in	  the	  state	  and	  among	  the	  highest	  hospitalization	  rates	  for	  stroke,	  heart	  disease,	  heart	  attack,	  major	  cardiovascular	  disease	  and	  coronary	  heart	  disease	  (Bureau	  of	  Environmental	  Health,	  n.d.). 	  2.2)	  Climate	  Change	  and	  Sea	  Level	  Rise	  in	  the	  Northeastern	  United	  States	  While	  the	  effects	  of	  climate	  change	  are	  expected	  to	  be	  felt	  around	  the	  world,	  they	  are	  expected	  to	  be	  especially	  impactful	  to	  coastal	  communities	  in	  the	  Northeastern	  United	  States,	  such	  as	  Chelsea,	  Massachusetts.	  Climate	  Change	  refers	  to	  “any	  significant	  change	  in	  the	  measures	  of	  climate	  lasting	  for	  an	  extended	  period	  of	  time,	  including	  major	  changes	  in	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temperature,	  precipitation,	  or	  wind	  patterns”	  (United	  States	  Environmental	  Protection	  Agency,	  2014).	  As	  a	  result	  of	  climate	  change,	  the	  United	  States	  is	  expected	  to	  face	  greater	  storm	  surge,	  sea	  level	  rise,	  and	  increased	  hurricane	  intensity	  (United	  States	  Environmental	  Protection	  Agency,	  2014).	  Storm	  surge	  occurs	  when	  a	  strong	  low	  pressure	  storm	  system	  pushes	  water	  forward	  in	  relation	  to	  a	  storm’s	  movement	  creating	  a	  local	  rise	  of	  sea	  level.	  	  Sea	  level	  rise	  and	  storm	  surge	  are	  projected	  to	  be	  two	  of	  the	  largest	  environmental	  problems	  for	  the	  northeast,	  as	  coastal	  cities	  become	  more	  susceptible	  to	  frequent,	  severe	  floods. Chelsea	  is	  at	  risk	  for	  flooding,	  and,	  like	  many	  communities	  in	  the	  Northeastern	  United	  States,	  that	  risk	  is	  expected	  to	  increase	  in	  intensity	  and	  frequency.	  Projected	  increase	  in	  heavy	  precipitation	  and	  sea	  level	  rise	  may	  lead	  to	  more	  frequent,	  intense	  floods	  in	  the	  Northeast	  (United	  States	  Environmental	  Protection	  Agency,	  2014).	  Due	  to	  rise	  in	  atmospheric	  temperature,	  snowfall	  per	  year	  may	  lessen,	  and	  lead	  to	  an	  increase	  in	  the	  frequency	  and	  severity	  of	  flood	  events	  in	  the	  Northeast.	  While	  rising	  sea	  levels	  are	  nothing	  new,	  the	  rate	  at	  which	  levels	  rise	  is	  projected	  to	  increase	  rapidly.	  In	  the	  last	  200	  years	  sea	  levels	  rose	  only	  eight	  inches,	  but	  are	  expected	  to	  rise	  anywhere	  from	  two	  to	  6ft	  by	  2100	  (Melillo	  et	  al.,	  2014).	  As	  a	  result,	  a	  100	  year	  flood	  (a	  flood	  that	  on	  average	  has	  a	  one	  in	  one	  hundred	  chance	  of	  occurring	  in	  any	  given	  year)	  may	  actually	  be	  experienced	  every	  on	  average	  every	  10-­‐22	  years	  in	  the	  Northeast	  (United	  States	  Environmental	  Protection	  Agency,	  2014).	  Given	  the	  relatively	  slow	  rate	  of	  sea	  level	  rise	  to	  date,	  buildings	  in	  the	  Northeast	  have	  generally	  been	  able	  to	  handle	  the	  eight	  inch	  rise,	  but	  in	  the	  event	  sea	  levels	  rise	  as	  predicted,	  the	  probability	  of	  property	  damage	  will	  increase	  rapidly. 	  2.3)	  Vulnerability	  and	  Risk	  in	  Chelsea,	  Massachusetts	  Two	  measures	  that	  are	  commonly	  used	  to	  assess	  the	  weaknesses	  of	  buildings	  to	  flood	  events	  are	  vulnerability	  and	  risk.	   Risk	  refers	  to	  the	  potential	  consequences	  when	  something	  of	  value	  may	  be	  partly	  or	  completely	  lost	  or	  damaged,	  and	  is	  often	  evaluated	  by	  the	  probability	  of	  a	  hazardous	  event’s	  occurrence	  multiplied	  by	  the	  impacts	  that	  would	  result	  if	  it	  did	  happen	  (NOAA,	  2015).	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Vulnerability,	  as	  defined	  in	  hazard	  and	  risk	  literature,	  is	  the	  propensity	  or	  predisposition	  of	  human	  and	  other	  systems	  to	  be	  adversely	  affected	  by	  climate	  change	  and	  includes	  susceptibility	  to	  harm	  and	  inability	  to	  cope	  or	  adapt	  efficiently	  (NOAA,	  2015).	  There	  are	  three	  components	  that	  can	  be	  used	  to	  assess	  the	  vulnerability	  and	  risk	  of	  an	  area	  prone	  to	  flooding:	  exposure,	  sensitivity,	  and	  resilience.	  	   Exposure	  can	  be	  defined	  as	  the	  presence	  of	  people,	  assets,	  and	  ecosystems	  in	  locations	  that	  can	  be	  adversely	  affected	  by	  hazards	  such	  as	  flood	  events.	  	  Exposure	  is	  related	  to	  the	  vulnerability	  in	  that	  greater	  exposure	  equals	  greater	  vulnerability.	  In	  the	  case	  of	  Chelsea,	  Massachusetts,	  the	  city	  was	  recently	  identified	  as	  being	  more	  exposed	  on	  the	  FEMA	  (Federal	  Emergency	  Management	  Agency)	  flood	  maps	  proposed	  in	  2013	  (FEMA,	  2013)	  compared	  to	  the	  standards	  for	  exposure	  from	  2009.	  These	  new	  maps	  show	  more	  homes	  and	  businesses	  in	  the	  FEMA	  flood	  plain	  than	  the	  previous	  version,	  meaning	  these	  properties	  are	  at	  a	  greater	  risk	  for	  flooding.	   Sensitivity	  is	  the	  degree	  to	  which	  a	  system,	  population,	  or	  resource	  is	  affected	  by	  climate	  impacts	  (including	  extreme	  weather)	  or	  changing	  climate	  conditions	  (NOAA,	  2015).	  	  Sensitivity	  can	  be	  described	  in	  many	  ways,	  but	  IPCC	  refers	  to	  sensitivity	  as	  the	  predisposition	  for	  a	  system	  to	  be	  adversely	  affected	  due	  to	  a	  lack	  of	  ability	  to	  bounce	  back	  from	  a	  disastrous	  event,	  making	  it	  plausible	  that	  an	  impacted	  system	  will	  collapse	  or	  experience	  major	  harm	  as	  a	  result	  of	  a	  flood	  event	  (Lavell	  et	  al.,	  2012).	  Therefore,	  as	  sensitivity	  increases,	  vulnerability	  increases.	  Chelsea	  would	  be	  considered	  especially	  sensitive	  due	  to	  its	  low	  income	  and	  high	  immigrant	  populace	  with	  low	  mobility.	  	  Both	  of	  which	  reduce	  the	  effectiveness	  of	  planning	  and	  communication	  about	  flood	  events	  that	  could	  adversely	  affect	  Chelsea	  residents. Resilience	  is	  the	  capacity	  of	  a	  community,	  business,	  or	  natural	  environment	  to	  prevent,	  withstand,	  respond	  to,	  and	  recover	  from	  a	  disruption.	  A	  lack	  of	  resilience	  means	  there	  are	  limitations	  in	  the	  access	  to	  and	  mobilization	  of	  the	  resources	  necessary	  to	  anticipate,	  adapt,	  and	  respond	  to	  severe	  weather	  events	  (Lavell	  et	  al.,	  2012).	  	  Resilience	  is	  inversely	  related	  to	  vulnerability,	  meaning	  that	  as	  resilience	  increases,	  vulnerability	  decreases	  (Lavell	  et	  al.,	  2012).	  Ways	  to	  improve	  resilience	  can	  be	  introducing	  mitigation	  and	  adaptation	  measures	  and	  plans,	  so	  as	  to	  manage	  flood	  risks	  before	  they	  happen,	  rather	  than	  waiting	  for	  the	  consequences	  (Analysis,	  2014).	  	  Chelsea	  has	  implemented	  some	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measures	  that	  help	  them	  withstand	  or	  respond	  to	  a	  flood	  event	  including	  a	  pump	  station	  and	  a	  tide	  gate.	  	  While	  these	  measures	  do	  lessen	  the	  vulnerability	  of	  Chelsea,	  the	  city	  is	  still	  highly	  exposed	  and	  sensitive. 	   Table	  1	  summarizes	  the	  three	  components	  of	  vulnerability	  while	  providing	  an	  example	  of	  each	  as	  well	  as	  an	  explanation	  of	  how	  these	  terms	  relate	  to	  the	  City	  of	  Chelsea.	   
 
Table	  1	  An	  explanation	  of	  flood	  vulnerability	  factors	  (NOAA,	  2015)	  (City	  of	  Chelsea,	  2014) 
 Definition Example Relation	  to	  Chelsea 
Exposure The	  presence	  of	  people, assets,	  and	  ecosystems	  in	  places	  where	  they	  could	  be	  adversely	  affected	  by	  hazards 
Homes	  and	  businesses	  along	  low-­‐lying	  coasts	  are	  exposed	  to	  coastal	  flooding	  from	  storms. 
The	  areas	  that	  are	  under	  the	  most	  recent	  FEMA	  and	  NFIP	  flood	  areas	  are	  under	  more	  exposure	  than	  others. 
Sensitivity The	  degree	  to	  which	  a	  system,	  population,	  or	  resource	  may	  be	  differentially	  affected	  by	  climate	  impacts	  (including	  extreme	  weather)	  or	  changing	  climate	  conditions. 
A	  community	  without	  an	  emergency	  evacuation	  route	  is	  more	  sensitive	  to	  natural	  disasters	  than	  a	  community	  that	  can	  successfully	  help	  citizens	  leave	  a	  dangerous	  area. 
Chelsea’s	  low-­‐income	  community	  and	  high	  level	  of	  non-­‐English-­‐speaking	  citizens	  inhibit	  proper	  communication	  about	  preparation	  or	  response	  to	  flood	  events. 
Resilience The	  capacity	  of	  a	  community,	  business,	  or	  natural	  environment	  to	  prevent,	  withstand,	  respond	  to,	  and	  recover	  from	  a	  disruption. 
Installation	  of	  backflow	  preventers	  in	  the	  storm	  water	  systems	  of	  a	  coastal	  city	  increase	  their	  resilience	  to	  flooding	  from	  extreme	  high	  tides. 
There	  a	  few	  resilience	  methods	  that	  have	  been	  applied	  in	  Chelsea.	  They	  have	  a	  pump	  station,	  tide	  gates,	  and	  are	  currently	  implementing	  regulations	  to	  limit	  building	  near	  waterlines.	  	   
 	  Vulnerability	  and	  risk	  can	  be	  better	  understood	  given	  the	  following	  two	  examples:	   1.	  	  If	  a	  coastal	  town	  has	  two	  fire	  stations,	  one	  near	  the	  shoreline	  and	  another	  at	  a	  higher	  elevation,	  the	  fire	  station	  closer	  to	  the	  ocean	  is	  more	  vulnerable	  to	  coastal	  flooding	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than	  the	  station	  at	  higher	  elevation	  because	  it	  is	  more	  susceptible	  or	  has	  a	  great	  chance	  of	  flooding	  than	  the	  fire	  station	  at	  the	  higher	  elevation. 2.	  	  If	  there	  is	  a	  fire	  station	  and	  a	  park	  at	  the	  same	  elevation,	  the	  risk	  from	  flooding	  is	  much	  higher	  for	  the	  fire	  station.	  	  The	  risk	  can	  be	  evaluated	  by	  multiplying	  probability	  of	  the	  fire	  station	  or	  park	  flooding	  by	  the	  impacts	  if	  the	  location	  were	  to	  flood.	  	  Since	  more	  people	  could	  potentially	  be	  adversely	  affected	  by	  losing	  the	  station	  than	  the	  park,	  the	  fire	  station	  is	  at	  a	  greater	  risk	  due	  to	  flooding	  that	  the	  park	  (NOAA,	  2015). Together,	  these	  two	  terms	  help	  to	  identify	  the	  effects	  a	  flood	  event	  could	  have	  on	  a	  community.	  	  By	  having	  a	  strong	  knowledge	  of	  vulnerabilities	  and	  risks,	  communities	  can	  better	  prepare	  for	  events	  and	  improve	  their	  resilience.	  	  As	  flood	  severity	  increases	  as	  a	  result	  of	  climate	  change,	  risks	  and	  vulnerabilities	  are	  becoming	  more	  apparent	  since	  buildings	  never	  previously	  affected	  by	  floods	  may	  start	  to	  flood	  (Mokrech,	  Kebede,	  Nicholls,	  Wimmer,	  &	  Feyen,	  2015).	  Although	  an	  area	  may	  be	  heavily	  exposed	  according	  to	  new	  predictions	  about	  sea	  level	  rise,	  it	  can	  work	  to	  become	  more	  resilient	  to	  reduce	  the	  negative	  effects	  of	  flooding. In	  order	  to	  implement	  the	  most	  effect	  adaptation	  and	  mitigation	  strategies	  for	  a	  particular	  location,	  a	  thorough	  assessment	  and	  evaluation	  of	  risks	  and	  vulnerabilities	  associated	  with	  that	  location	  must	  be	  completed	  first.	  A	  common	  first	  step	  in	  this	  assessment	  is	  to	  model	  the	  expected	  inundation	  depths	  with	  different	  levels	  of	  flooding	  for	  the	  areas	  of	  interest	  (Kleinfelder,	  2015)	  (Bosma,	  Group,	  Douglas,	  &	  Kirshen,	  n.d.).	  An	  example	  of	  this	  are	  case	  studies	  conducted	  in	  Somerville,	  Massachusetts	  (Kirshen	  et	  al.,	  2014)	  and	  Boston,	  Massachusetts	  (The	  Boston	  Harbor	  Association,	  2013),	  where	  a	  variety	  of	  flood	  scenarios	  were	  outlined	  that	  encompassed	  a	  high,	  medium,	  and	  low	  climate	  change	  impact	  on	  the	  community.	  Modeling	  these	  inundation	  depths	  is	  highly	  effective	  in	  evaluating	  the	  vulnerability	  of	  the	  areas	  of	  interest.	  	  The	  next	  step	  is	  to	  assess	  the	  risk	  associated	  with	  of	  these	  areas.	  	  This	  requires	  determining	  the	  critical	  assets	  that	  could	  be	  subject	  to	  flooding	  and	  what	  the	  effects	  would	  be	  if	  these	  assets	  were	  to	  fail,	  be	  damaged,	  or	  destroyed	  (Kleinfelder,	  2015).	  	  These	  effects	  include	  the	  number	  of	  people	  affected	  as	  well	  as	  the	  cost	  and	  time	  that	  would	  be	  needed	  to	  repair	  or	  rebuild	  the	  asset	  (Kleinfelder,	  2015).	  	  After	  a	  thorough	  assessment	  of	  vulnerability	  and	  risk	  has	  been	  completed,	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adaptation	  strategies	  that	  effectively	  reduce	  this	  vulnerability	  and	  risk	  by	  decreasing	  exposure	  or	  sensitivity	  and	  increasing	  resilience	  can	  be	  identified	  and	  implemented.	  	  	  	  2.4)	  Effective	  Adaptation	  and	  Mitigation	  Strategies	  around	  the	  Nation	  Climate	  change	  is	  a	  problem	  affecting	  coastal	  cities	  and	  communities	  similar	  to	  Chelsea	  throughout	  the	  United	  States.	  	  As	  these	  places	  have	  become	  more	  aware	  of	  the	  increased	  risk	  of	  flooding	  caused	  by	  climate	  change,	  they	  have	  begun	  to	  implement	  various	  adaptation	  strategies	  to	  protect	  their	  assets.	  These	  strategies	  can	  generally	  be	  categorized	  into	  avoidance,	  resistance	  and	  resilience	  based	  measures.	  (NOAA,	  2015).	  	  In	  this	  section	  we	  will	  describe	  these	  different	  strategies	  and	  how	  they	  have	  been	  implemented	  in	  various	  places,	  including	  Chelsea.	  	  2.4.1)	  Avoidance	  Based	  Adaptation	  Measures	  Avoidance	  refers	  to	  avoiding	  a	  problem	  all	  together.	  Avoidance	  measures	  can	  include	  leaving	  a	  location	  to	  avoid	  dealing	  with	  the	  effects	  flooding,	  which	  is	  sometimes	  referred	  to	  as	  retreat	  (NOAA,	  2015).	  	  This	  strategy	  is	  not	  very	  common	  on	  a	  large	  scale,	  since	  it	  is	  very	  difficult	  for	  a	  populace	  to	  completely	  move	  to	  a	  different	  location	  (NOAA,	  2015).	  	  However,	  these	  type	  of	  strategies	  can	  be	  implemented	  on	  a	  smaller	  scale	  by	  relocating	  a	  neighborhood,	  moving	  a	  set	  businesses	  or	  even	  creating	  stricter	  zoning	  codes.	  For	  instance,	  Chelsea	  has	  a	  zoning	  ordinance	  in	  place	  which	  requires	  a	  setback	  of	  15ft	  from	  the	  mean	  high	  water	  line	  (the	  average	  of	  all	  high	  water	  heights	  observed	  over	  the	  National	  Tidal	  Datum	  Epoch	  (NOAA,	  2015)	  in	  the	  Waterfront	  District,	  requirements	  for	  erosion	  control,	  and	  regulations	  for	  construction	  within	  the	  current	  floodplain	  (City	  of	  Chelsea,	  2014).	  	  	  2.4.2)	  Resistance	  Based	  Adaptation	  Measures	  Resistance,	  also	  called	  protection,	  refers	  to	  strategies	  that	  stop	  water	  from	  entering	  an	  area	  all	  together.	  	  Sea	  walls	  and	  tide	  gates	  are	  examples	  of	  common	  adaptation	  strategies	  that	  increase	  resistance.	  	  These	  systems	  are	  generally	  fairly	  expensive,	  but	  very	  effective	  in	  preventing	  floods	  (NOAA,	  2015).	  	  These	  strategies	  have	  been	  utilized	  in	  places	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such	  as	  Annapolis,	  Maryland,	  where	  barriers	  were	  used	  to	  protect	  private	  and	  public	  property	  from	  flooding	  (Whitney,	  Bailey,	  Cox	  &	  Magnani,	  2011).	  	  The	  types	  of	  barriers	  include	  ones	  that	  can	  protect	  buildings,	  houses,	  and	  even	  streets.	  	  In	  2012,	  Norfolk,	  Virginia	  City	  Council	  released	  their	  plans	  for	  their	  Capital	  Project,	  which	  includes	  plans	  to	  install	  a	  tide	  gate.	  This	  strategy	  will	  inhibit	  tidal	  flow	  in	  one	  direction,	  effectively	  reducing	  coastal	  flooding	  (Norfolk	  City	  Council,	  2012).	  	  In	  2008,	  Chelsea	  released	  a	  Capital	  Improvement	  Plan,	  which	  outlines	  various	  adaptation	  measures	  to	  adapt	  to	  flooding	  in	  Chelsea.	  For	  instance,	  the	  Marginal	  Street	  tide	  gate	  is	  a	  preventative	  measure	  that	  prevents	  water	  from	  high	  tide	  from	  entering	  the	  storm	  drain	  outfall	  system,	  and	  flooding	  of	  the	  surrounding	  area	  (City	  of	  Chelsea,	  2014).	  	  	  	  2.4.3)	  Accommodation	  Based	  Adaptation	  Measures	  Accommodation	  strategies	  are	  those	  that	  involve	  living	  with	  flood	  waters,	  and	  include	  revising	  building	  codes	  and	  creating	  floodable	  areas	  in	  the	  surrounding	  area	  (The	  Boston	  Harbor	  Association,	  2013).	  	  These	  strategies	  can	  be	  less	  costly	  than	  most	  avoidance	  and	  resistance	  based	  strategies,	  but	  can	  still	  be	  effective	  in	  preventing	  or	  minimizing	  damage	  from	  flooding	  (Bierbaum	  et	  al.,	  2014).	  	  The	  Norfolk	  Capital	  Project	  includes	  plans	  to	  build	  a	  small	  pump	  station	  which	  will	  be	  used	  to	  pump	  water	  out	  of	  low	  lying	  area	  and	  back	  into	  the	  river	  (Norfolk	  City	  Council,	  2012).	  	  The	  pump	  station	  will	  diminish	  the	  severity	  of	  floods	  as	  well	  as	  flood	  damage	  in	  these	  low	  lying	  areas.	  The	  pump	  station	  may	  not	  be	  a	  long	  term	  solution,	  but	  is	  intended	  to	  be	  effective	  in	  minimizing	  flood	  damage	  in	  the	  near	  future.	  	  There	  are	  also	  flood	  adaptation	  strategies	  that	  are	  not	  associated	  with	  building	  new	  infrastructure,	  such	  as	  temporary	  evacuation	  plans	  and	  effectively	  informing	  communication	  of	  the	  risk	  to	  the	  threatened	  area.	  	  For	  example,	  Pinole,	  California	  is	  implementing	  a	  program	  which	  will	  provide	  shelter	  for	  homeless	  people	  and	  those	  residing	  in	  affected	  areas	  during	  emergencies	  (City	  of	  Pinole,	  2010).	  Chelsea	  has	  implemented	  both	  infrastructural	  and	  policy	  types	  of	  accommodation	  based	  strategies	  in	  order	  to	  lower	  their	  vulnerability.	  Some	  of	  Chelsea’s	  infrastructural	  accommodation	  strategies	  include	  improvements	  on	  Jefferson	  Avenue	  and	  Everett	  Avenue	  in	  order	  to	  update	  water	  mains,	  storm	  drain	  lines,	  and	  sewer	  lines.	  	  For	  this	  reason	  as	  well	  as	  environmental	  reasons,	  the	  sewer	  system	  in	  the	  city	  of	  Chelsea	  is	  in	  the	  process	  of	  being	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altered	  to	  become	  a	  separated	  sanitary	  and	  storm	  sewer	  collection	  system.	  	  Currently	  50%	  of	  the	  sewer	  collection	  system	  in	  Chelsea	  is	  a	  separated	  sanitary	  and	  storm	  sewer	  (City	  of	  Chelsea,	  2014).	  	  Chelsea	  also	  has	  a	  total	  of	  roughly	  1500	  catch	  basins,	  which	  capture	  materials	  that	  would	  not	  easily	  pass	  through	  a	  sewer.	  However,	  if	  catch	  basins	  are	  not	  cleaned	  frequently,	  they	  can	  become	  clogged	  with	  debris	  to	  the	  point	  where	  they	  will	  no	  longer	  allow	  water	  to	  filter	  through.	  	  Five	  hundred	  of	  these	  catch	  basins	  get	  cleaned	  every	  year	  meaning	  each	  basin	  is	  cleaned	  every	  three	  years	  (City	  of	  Chelsea,	  2014).	  The	  City	  of	  Chelsea	  has	  also	  created	  some	  policy	  accommodation	  strategies	  by	  implementing	  new	  regulations	  in	  regards	  to	  future	  construction.	  	  In	  2011,	  the	  EPA	  announced	  a	  green	  infrastructure	  partnership	  with	  Chelsea	  in	  order	  to	  support	  and	  encourage	  green	  communities	  in	  addition	  to	  commending	  Chelsea	  for	  installing	  tree	  boxes	  along	  Chester	  Avenue.	  	  Such	  measures	  also	  include	  developing	  and	  enforcing	  local	  building	  codes	  designed	  to	  enhance	  structural	  resistance	  to	  high	  winds	  and	  flooding	  (City	  of	  Chelsea,	  2014).	  	   Figure	  1	  illustrates	  the	  avoidance,	  resistance,	  and	  accommodation	  based	  strategies	  that	  were	  previously	  described.	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Figure	  1	  Alternatives	  for	  Storm	  Damage	  Mitigation	  (US	  Army	  Corps	  of	  Engineers,	  2006)	  
	  Avoidance,	  resistance,	  and	  accommodation	  based	  adaptation	  strategies	  all	  aim	  to	  reduce	  vulnerability	  by	  increasing	  resilience	  or	  reducing	  exposure	  and	  sensitivity.	  Increasing	  frequency	  and	  intensity	  of	  flooding	  is	  requiring	  many	  coastal	  communities	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including	  Chelsea,	  Massachusetts	  to	  reassess	  their	  vulnerabilities	  and	  risks	  and	  implement	  effective	  adaptation	  strategies	  to	  inundation	  from	  this	  increasing	  threat.	  	  	  	  2.5)	  Coastal	  Zone	  Management	  Grant	  During	  the	  summer	  of	  2015,	  the	  City	  of	  Chelsea	  acquired	  a	  grant	  totaling	  $90,000	  through	  the	  Massachusetts	  Office	  of	  Coastal	  Zone	  Management.	  	  This	  grant	  aims	  to	  supports	  the	  evaluation	  of	  the	  vulnerability	  of	  municipal	  infrastructure	  to	  the	  effects	  of	  climate	  change	  and	  implement	  adaptation	  solutions	  to	  improve	  community	  resilience	  while	  ensuring	  the	  survival	  of	  essential	  infrastructure	  and	  services	  in	  the	  City	  of	  Chelsea.	  Through	  this	  grant,	  the	  City	  of	  Chelsea	  contracted	  Fay	  Spofford	  &	  Thorndike	  to	  create	  flood	  maps	  for	  2030	  and	  2070	  at	  the	  1%	  and	  0.1%	  level.	  	  Our	  project	  included	  analyzing	  these	  maps	  and	  creating	  recommendations	  for	  critical	  buildings	  that	  were	  identified	  by	  city	  officials.	  	  This	  grant	  will	  then	  serve	  as	  the	  funding	  for	  the	  implementation	  of	  the	  adaptive	  strategies	  that	  we,	  along	  with	  Fay,	  Spofford	  &	  Thorndike	  Incorporated	  (FST	  Inc.),	  have	  recommended.	  If	  sufficient	  funding	  is	  available,	  the	  City	  of	  Chelsea	  is	  scheduled	  to	  begin	  construction	  of	  the	  decided	  upon	  adaptation	  strategies	  in	  April,	  2016	  (City	  of	  Chelsea,	  2015).	  	  2.6)	  Summary	  Chelsea	  is	  a	  coastal	  city	  in	  the	  Northeastern	  United	  States	  whose	  demographics	  and	  location	  make	  it	  especially	  vulnerable	  to	  the	  effects	  of	  climate	  change.	  Climate	  change	  is	  an	  increasing	  problem	  for	  communities	  similar	  to	  Chelsea	  due	  to	  the	  results	  of	  climate	  change,	  including	  a	  rise	  in	  global	  sea	  level	  and	  increased	  intensity	  of	  storms.	  Identifying	  vulnerabilities	  and	  identifying	  potential	  mitigation	  strategies	  to	  combat	  these	  vulnerabilities	  is	  needed	  to	  adapt	  climate	  change	  and	  sea	  level	  rise.	  There	  are	  numerous	  adaptation	  measures	  around	  the	  nation	  that	  have	  been	  successfully	  implemented.	  	  As	  flooding	  becomes	  more	  frequent	  and	  with	  greater	  intensity,	  Chelsea’s	  current	  adaptation	  and	  mitigation	  measures	  will	  soon	  not	  be	  sufficient	  to	  handle	  the	  flood	  waters.	  	  The	  City	  of	  Chelsea	  must	  make	  the	  best	  use	  of	  its	  resources	  and	  recently	  acquired	  grant	  to	  prepare	  critical	  infrastructure	  to	  handle	  this	  increasing	  threat.	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3.0-­‐	  Methodology	  The	  goal	  of	  this	  project	  was	  to	  provide	  flood	  adaptation	  strategy	  recommendations	  with	  their	  relative	  cost	  estimates	  of	  implementation	  for	  public	  facilities	  critical	  to	  the	  City	  of	  Chelsea.	  Specifically,	  we	  evaluated	  five	  public	  buildings	  within	  the	  City	  of	  Chelsea	  to	  determine	  their	  structural	  and	  geographical	  characteristics	  that	  cause	  them	  to	  be	  at	  risk	  from	  coastal	  flooding,	  as	  well	  as	  their	  sensitivity	  to	  current	  flooding	  and	  future	  flooding.	  In	  order	  to	  achieve	  our	  goal,	  we	  completed	  the	  following	  objectives:	  1.	  Identified	  structural	  and	  geographical	  characteristics	  of	  public	  buildings	  that	  cause	  them	  to	  be	  structures	  at	  risk	  for	  coastal	  flooding.	  2.	  	  Identified	  sensitivity	  of	  critical	  buildings	  by	  looking	  at	  their	  services	  and	  uses,	  during	  both	  routine	  operations	  and	  flood	  events.	  3.	  Identified	  possible	  flood	  adaptation	  measures	  that	  could	  be	  used	  in	  conjunction	  with	  critical	  public	  buildings.	  4.	  Created	  a	  prioritized	  list	  of	  flood	  adaptation	  strategies	  with	  a	  level	  of	  urgency,	  in	  addition	  to	  cost	  and	  time	  estimates	  for	  proposed	  options.	  In	  the	  following	  sections	  we	  outline	  our	  methods	  for	  completing	  each	  objective,	  and	  identify	  how	  they	  contribute	  to	  the	  overall	  goal	  of	  our	  project.	  The	  five	  public	  facilities,	  which	  are	  starred	  in	  figure	  2	  are	  include:	  1. Carter	  Street	  Pump	  Station	  2. Department	  of	  Public	  Works	  City	  Yard	  3. Chelsea	  High	  School	  4. Burke	  School	  Complex	  5. Massachusetts	  Information	  Technology	  Center	  	  
16 | P a g e  	  
	  
Figure	  2	  Inundation	  Maps	  for	  a	  2070	  0.1%	  Flood	  in	  Chelsea	  with	  buildings	  numbered	  (Woods	  Hole	  Group,	  2015)	  (Massachusetts	  Department	  of	  Transportation,	  2015)	  They	  were	  identified	  by	  city	  officials	  to	  be	  critical	  structures	  that	  may	  be	  at	  risk	  from	  future	  flooding.	  A	  brief	  overview	  of	  each,	  follows:	  1. Carter	  Street	  Pump	  Station	  -­‐	  A	  small	  structure	  which	  houses	  a	  pump	  located	  30ft.	  underground.	  It	  has	  three	  large	  pumps	  that	  are	  used	  to	  pump	  ground	  and	  surface	  water	  out	  of	  an	  area	  of	  119	  acres	  in	  Chelsea	  (Figure	  3)	  
	  
Figure	  2	  Photo	  of	  the	  Carter	  Street	  Pump	  Station	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  2. DPW	  City	  Yard	  -­‐	  A	  structure	  that	  houses	  all	  of	  the	  Department	  of	  Public	  Works’	  vehicles,	  road	  salt,	  gravel,	  and	  other	  materials	  (Figure	  4).	  
	  
Figure	  4	  Photo	  of	  the	  Chelsea	  DPW	  City	  Yard	  3. Chelsea	  High	  School	  -­‐	  A	  high	  school	  that	  many	  of	  Chelsea’s	  youth	  attend	  and	  a	  structure	  that	  is	  to	  be	  used	  as	  a	  shelter	  during	  an	  emergency	  event	  (Figure	  5).	  	  	  
	  
Figure	  5	  Photo	  of	  the	  Chelsea	  High	  School	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4. Burke	  School	  Complex	  -­‐	  A	  complex	  that	  consists	  of	  four	  schools.	  It	  can	  be	  used	  as	  a	  shelter	  during	  an	  emergency	  event	  (Figure	  6).	  
	  
Figure	  6	  Photo	  of	  the	  Burke	  School	  Complex	  	  5. Massachusetts	  Information	  Technology	  Center	  (MITC)	  -­‐	  A	  building	  that	  is	  owned	  by	  the	  state	  of	  Massachusetts.	  It	  is	  used	  for	  storing	  and	  processing	  tax	  information	  for	  all	  of	  Massachusetts	  (Figure	  7).	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Figure	  7	  Photo	  of	  the	  MITC	  3.1)	  Identifying	  Characteristics	  of	  At	  Risk	  Structures	  The	  city	  requested	  that	  we	  assess	  the	  risk	  from	  flooding	  in	  the	  years	  2030	  and	  2070.	  	  This	  was	  to	  get	  an	  idea	  of	  the	  likelihood	  of	  flooding	  and	  the	  extent	  of	  flooding	  that	  each	  building	  would	  face	  in	  the	  short	  (year	  2030)	  and	  long	  (year	  2070)	  term.	  Through	  literature	  review	  we	  determined	  that	  identifying	  characteristics	  of	  specific	  buildings	  would	  allow	  the	  city	  to	  better	  understand	  how	  to	  best	  adapt	  these	  buildings	  to	  flooding	  in	  both	  the	  short	  and	  long	  term.	  To	  assess	  their	  potential	  likelihood	  of	  flooding,	  we	  obtained	  flood	  maps,	  interviewed	  building	  representatives,	  made	  site	  visits	  to	  each	  building,	  and	  obtained	  blueprints	  of	  them.	  Details	  follow:	  Obtaining	  flood	  maps:	  Since	  the	  city	  of	  Chelsea	  was	  under	  contract	  with	  the	  engineering	  firm	  FST	  for	  the	  implementation	  of	  adaptation	  measures,	  FST	  was	  able	  to	  provide	  us	  with	  maps,	  which	  show	  the	  likelihood	  of	  flooding	  in	  certain	  areas,	  and	  the	  expected	  depth	  of	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flooding	  in	  the	  relevant	  areas	  for	  the	  years	  2030	  and	  2070	  (Details	  in	  Appendix	  C).	  Exposure	  of	  the	  buildings	  to	  flooding	  was	  partially	  determined	  by	  identifying	  their	  flood	  height.	  We	  then	  determined	  the	  expected	  hundred-­‐year	  and	  thousand-­‐year	  flood	  event	  for	  those	  years	  to	  really	  understand	  the	  level	  of	  risk	  form	  flooding	  that	  these	  buildings	  were	  at.	  In	  order	  to	  further	  determine	  the	  degree	  to	  which	  each	  building	  is	  at	  risk,	  topographical	  maps	  from	  the	  MassGIS	  database	  were	  acquired,	  which	  were	  used	  to	  analyze	  the	  surrounding	  geographic	  elements	  that	  may	  put	  each	  of	  the	  buildings	  at	  risk	  from	  coastal	  flooding.	  Examples	  of	  elements	  that	  may	  increase	  the	  vulnerability	  of	  these	  buildings	  include	  their	  locations	  in	  valleys	  or	  in	  areas	  where	  runoff	  water	  would	  flow	  from	  surrounding	  areas.	  	  This	  topographical	  information	  was	  key	  in	  the	  analysis	  of	  storm	  water	  runoff	  to	  determine	  the	  vulnerability	  of	  these	  buildings.	  Using	  this	  data	  and	  the	  maps	  provided	  by	  FST	  Inc.	  we	  were	  able	  to	  determine	  the	  projected	  flood	  levels	  of	  each	  individual	  building.	  Interviews	  with	  building	  representatives:	  The	  next	  step	  was	  to	  set	  up	  interviews	  with	  building	  representatives	  and	  people	  who	  worked	  at	  the	  buildings	  and	  thus	  were	  very	  familiar	  with	  the	  structures	  and	  the	  area.	  These	  contacts	  provided	  detailed	  information	  regarding	  all	  the	  main	  functions,	  and	  uses	  of	  each	  building	  both	  routinely	  and	  during	  emergency	  events.	  Building	  representatives	  highlighted	  information	  on	  some	  of	  its	  most	  important	  elements	  and	  through	  these	  interviews	  we	  gained	  better	  understanding	  of	  the	  risks	  of	  each	  specific	  structure.	  Questions	  intended	  to	  determine	  risk	  were	  focused	  on	  the	  number	  of	  people	  that	  used	  the	  building	  on	  a	  routine	  basis,	  since	  they	  would	  be	  the	  main	  group	  at	  risk	  in	  the	  case	  of	  an	  emergency	  flood	  event.	  	  We	  also	  asked	  questions	  about	  key	  assets	  in	  those	  locations	  and	  number	  of	  transportation	  units	  (or	  vehicles)	  that	  come	  in	  and	  out	  of	  the	  building	  on	  a	  routine	  basis.	  To	  organize	  the	  interview	  information	  we	  created	  structured	  data	  gathering	  templates	  and	  an	  interview	  guide	  (Appendix	  D	  and	  E	  respectively).	  The	  Interview	  guide	  provided	  consistent	  structure	  to	  our	  conversations	  with	  building	  contacts.	  The	  data-­‐gathering	  template	  served	  as	  an	  excellent	  documentation	  tool	  during	  the	  interview	  for	  both	  quantitative	  and	  qualitative	  data,	  such	  as	  how	  many	  staff	  members	  the	  buildings	  have	  and	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whether	  or	  not	  there	  was	  presence	  of	  important	  assets	  within	  the	  vicinity	  of	  each	  of	  the	  buildings.	  	  Though	  very	  helpful,	  some	  building	  representatives	  were	  not	  able	  to	  provide	  us	  with	  all	  the	  information	  we	  needed	  to	  more	  accurately	  determine	  a	  building’s	  elements	  of	  risk.	  An	  example	  was	  the	  MITC	  building:	  very	  little	  information	  was	  permitted	  to	  be	  disclosed	  to	  the	  public	  due	  to	  security	  reasons.	  This	  information	  included	  the	  number	  of	  people	  that	  are	  access	  the	  building	  therefore	  it	  was	  difficult	  to	  assess	  its	  risk	  properly.	  	  Site	  tours:	  The	  Chelsea	  Assistant	  Director	  of	  Public	  Works,	  Mr.	  Andy	  DeSantis,	  guided	  us	  to	  each	  of	  the	  selected	  buildings	  and	  allowed	  us	  to	  take	  pictures	  of	  the	  buildings	  exteriors	  and	  facades.	  The	  pictures	  enabled	  measurements	  of	  the	  height	  of	  windows,	  vents,	  and	  other	  areas	  that	  could	  potentially	  expose	  the	  inside	  of	  the	  structure	  to	  floodwaters.	  These	  pictures	  would	  later	  be	  used	  together	  with	  the	  GIS	  maps	  to	  create	  visual	  images	  of	  the	  expected	  flood	  levels.	  Additionally,	  from	  first	  hand	  observations	  of	  the	  area,	  we	  were	  able	  to	  determine	  how	  water	  in	  the	  area	  is	  meant	  to	  drain	  into	  other	  locations	  such	  as	  sewers,	  green	  space,	  and	  swales.	  Site	  tours	  also	  allowed	  us	  to	  identify	  instances	  where	  there	  was	  a	  lack	  of	  drainage	  or	  where	  water	  may	  build	  up	  during	  a	  flood	  event.	  This	  step	  allowed	  us	  to	  make	  final	  additions	  to	  our	  findings	  and	  better	  evaluate	  the	  true	  risk	  of	  the	  building	  in	  the	  event	  of	  flooding.	  Blueprints:	  Following	  our	  site	  tours,	  we	  were	  provided	  with	  blueprints	  of	  each	  building.	  We	  were	  able	  to	  review	  pictures	  of	  entry	  and	  exit	  point	  and	  compared	  as-­‐is	  structures	  to	  the	  blueprints	  provided.	  They	  allowed	  us	  to	  understand	  the	  exposure	  of	  the	  building	  to	  flooding	  given	  that	  they	  provided	  its	  elevation	  (which	  we	  later	  used	  with	  the	  flood	  maps)	  and	  flood	  water	  entry	  points	  (which	  allowed	  us	  to	  identify	  the	  higher	  risk	  areas	  and	  those	  that	  the	  water	  would	  damage	  first).	  	  	  
3.2)	  Identifying	  Sensitivity	  of	  At	  Risk	  Structure	  In	  order	  to	  create	  a	  more	  comprehensive	  structure	  overview,	  we	  also	  analyzed	  how	  sensitive	  the	  selected	  structures	  may	  be	  to	  a	  flood	  event.	  	  To	  this	  end,	  we	  needed	  to	  identify	  services	  provided	  by	  these	  building	  both	  under	  routine	  operations	  and	  in	  the	  event	  of	  a	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flood.	  This	  identification	  analysis	  included	  operational	  components,	  such	  as	  services	  carried	  out	  by	  workers	  within	  the	  building	  and/or	  services	  offered	  to	  residents	  who	  might	  come	  into	  the	  building,	  (e.g.	  citizen	  services	  or	  students	  attending	  classes),	  and	  functional	  components	  of	  the	  building,	  like	  pumping	  or	  hosting	  servers.	  In	  order	  to	  assess	  consequences	  of	  flooding	  as	  thoroughly	  as	  possible,	  we	  included	  questions	  on	  specific	  sensitivities	  of	  each	  building	  in	  the	  interviews	  with	  building	  representatives.	  	  Details	  follow:	  	  Interviews	  with	  Building	  Representatives	  Our	  first	  step	  to	  better	  understand	  the	  operational	  responsibilities	  of	  each	  building	  beyond	  written	  documentation	  was	  to	  set	  up	  interviews	  with	  the	  points	  of	  contact,	  as	  provided	  by	  the	  City	  of	  Chelsea.	  These	  were	  the	  same	  interviews	  that	  were	  conducted	  to	  help	  assess	  the	  building’s	  risk	  (described	  in	  3.1).	  However,	  detailed	  questions	  to	  assess	  specific	  sensitivities	  were	  also	  formulated:	  The	  contacts	  provided	  detailed	  information	  about	  how	  the	  building	  worked	  during	  business	  hours,	  as	  well	  as	  information	  of	  its	  main	  functions	  and	  importance	  to	  the	  city	  in	  more	  detail	  than	  the	  documentation	  alone	  provided.	  	  Data	  gathering	  templates	  (As	  described	  in	  3.1)	  allowed	  for	  a	  consistent	  assessment	  of	  all	  buildings	  and	  a	  thorough	  understanding	  of	  sensitive	  areas.	  To	  identify	  sensitivity,	  questions	  were	  aimed	  not	  just	  at	  the	  qualities	  of	  the	  buildings	  (such	  as	  their	  structure),	  but	  also	  at	  their	  importance	  to	  the	  rest	  of	  the	  city.	  Examples	  of	  these	  questions	  included	  services	  provided	  to	  the	  city	  during	  emergency	  and	  non-­‐emergency	  situations	  and	  the	  importance	  of	  the	  specific	  facilities	  for	  the	  economy	  of	  the	  city.	  For	  instance,	  we	  found	  that	  the	  Carter	  Street	  Pump	  Station	  was	  required	  to	  dry	  more	  than	  one	  hundred	  acres	  during	  storm	  events.	  The	  consequences	  would	  mean	  a	  higher	  degree	  of	  damage	  to	  the	  city	  during	  a	  storm	  event	  if	  the	  facility	  were	  not	  prepared	  or	  protected.	  	  Information	  like	  this	  was	  then	  used	  to	  consider	  adaptation	  measures	  that	  accommodated	  access	  to	  sites	  and	  resources	  if	  necessary.	  	  Site	  Tours:	  Before	  we	  could	  begin	  making	  recommendations	  about	  the	  buildings	  we	  would	  be	  working	  with,	  we	  had	  to	  understand	  where	  they	  are	  located	  and	  get	  a	  feel	  for	  how	  they	  functioned.	  During	  the	  site	  visits	  with	  Mr.	  DeSantis	  (described	  in	  3.1),	  we	  were	  able	  to	  identify	  details	  that	  could	  not	  have	  otherwise	  been	  identified	  through	  interviews	  or	  desktop	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reviews.	  The	  observations	  that	  were	  meant	  to	  assess	  the	  degree	  to	  which	  the	  flood	  event	  would	  damage	  the	  building	  included	  size	  relative	  to	  surrounding	  structures,	  vulnerability	  of	  its	  location,	  a	  general	  estimate	  of	  the	  number	  of	  people	  currently	  on	  site,	  and	  a	  general	  idea	  of	  the	  buildings'	  structural	  strength.	  Observations	  were	  documented	  and	  later	  organized	  in	  data	  gathering	  templates.	  
3.3)	  Identifying	  Potential	  Adaptation	  Measures	  To	  determine	  potential	  strategies	  to	  reduce	  risk	  from	  flooding	  and	  vulnerabilities	  identified	  in	  each	  building,	  we	  first	  did	  a	  literature	  review	  on	  reports	  about	  projects	  that	  have	  effectively	  used	  adaptation	  strategies	  in	  similar	  situations	  and	  in	  the	  recent	  past.	  The	  next	  step	  was	  to	  combine	  all	  the	  collected	  information	  of	  our	  buildings	  on	  the	  data-­‐gathering	  table	  (from	  interviews,	  site	  tours	  etc.)	  with	  the	  literature	  review	  to	  identify	  potential	  flood	  adaptation	  strategy	  recommendations	  for	  each	  building	  based	  on	  their	  individual	  characteristics.	  To	  this	  end	  we	  used	  a	  slightly	  modified	  version	  of	  the	  VCAPS	  methodology	  (Webler	  et	  al.,	  2014),	  to	  analyze	  the	  threats	  and	  consequences	  that	  the	  buildings	  would	  face	  and	  their	  appropriate	  response.	  Details	  follow:	  Literature	  review:	  We	  aimed	  to	  search	  for	  government-­‐sponsored	  projects	  that	  had	  used	  retrofit	  strategies	  for	  buildings	  to	  reduce	  their	  exposure,	  sensitivity,	  and	  vulnerability	  or	  informative	  reports	  on	  adaptation	  strategies	  to	  help	  make	  the	  buildings	  less	  vulnerable	  to	  flooding.	  We	  identified	  adaptation	  strategies	  that	  were	  both	  structural	  and	  non-­‐	  structural.	  Structural	  strategies	  represent	  adjustments	  that	  modify	  the	  behavior	  of	  floodwaters	  (e.g.	  floodwalls,	  dams,	  levees,	  rain	  gardens,	  flood	  proofing,	  and	  other	  retrofits)	  and	  the	  nonstructural	  represent	  the	  quick	  adjustments	  or	  tasks	  that	  can	  be	  implemented	  just	  prior	  to	  (a	  few	  days	  before)	  or	  during	  a	  flood	  event	  (e.g.	  employee	  mobilization,	  site	  maintenance).	  Through	  this	  analysis	  we	  came	  to	  the	  conclusion	  that	  some	  structural	  strategies	  could	  only	  be	  effective	  if	  a	  non-­‐structural	  strategy	  to	  support	  it	  were	  present.	  	  More	  specific	  insights	  like	  this	  can	  be	  found	  in	  the	  next	  chapter.	  	  Flow	  charts:	  Following	  our	  literature	  review,	  we	  determined	  potential	  action	  events	  in	  a	  modified	  VCAPS	  style	  diagram	  (Webler	  et	  al.,	  2014).	  The	  diagrams	  first	  defined	  a	  flooding	  event,	  and	  established	  potential	  consequences	  that	  a	  building	  could	  face	  as	  a	  result	  of	  that	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event.	  These	  consequences	  served	  as	  “intervention	  points”	  where	  strategies	  identified	  in	  literature	  review	  could	  be	  implemented	  on	  the	  buildings.	  An	  example	  could	  be	  that	  a	  flooded	  basement	  (consequence)	  needs	  the	  intervention	  raising	  all	  valuable	  assets	  to	  a	  higher	  floor.	  The	  strategies	  were	  classified	  as	  structural	  and	  non-­‐structural,	  and	  these	  “intervention	  points”	  depended	  on	  factors	  like	  flood	  depth,	  people	  in	  danger,	  and	  the	  building’s	  strength.	  	  
 3.4)	  Creating	  a	  Prioritized	  List	  of	  Adaptation	  Measures	  After	  identifying	  possible	  adaptation	  measures	  for	  each	  structure	  through	  the	  literature	  review	  and	  flow	  charts	  development,	  we	  then	  moved	  to	  create	  a	  prioritized	  list	  of	  strategies	  for	  each	  structure.	  Once	  strategies	  were	  prioritized,	  they	  were	  evaluated	  based	  on	  relative	  cost,	  effectiveness,	  and	  timeframe	  for	  implementation	  using	  a	  simple	  “High,	  Medium,	  or	  low”	  scale.	  Details	  follow:	  Prioritizing	  adaptation	  measures:	  Once	  we	  had	  established	  possible	  adaptation	  strategies	  with	  our	  flow	  charts	  (described	  in	  section	  3.3),	  each	  strategy	  was	  evaluated	  through	  the	  modeled	  future	  flood	  conditions	  of	  each	  building,	  to	  determine	  the	  qualitatively	  effectiveness	  of	  their	  implementation.	  Using	  flood	  inundation	  maps	  provided	  by	  FST,	  literature	  review	  on	  adaptation	  measures,	  and	  analysis	  of	  all	  data	  collected	  in	  our	  data	  gathering	  charts	  (including	  building	  risk,	  vulnerability,	  sensitivity)	  we	  were	  able	  to	  model	  the	  conditions	  that	  each	  building	  would	  likely	  face	  and	  as	  a	  result,	  establish	  suitable	  adaptation	  strategies.	  Once	  we	  had	  established	  optimal	  strategies	  under	  the	  anticipated	  future	  conditions,	  we	  selected	  those	  that	  the	  city	  could	  use	  in	  potential	  2030	  and	  2070	  flood	  events.	  	  Providing	  Relative	  Estimates	  of	  Strategies:	  After	  establishing	  a	  variety	  of	  solutions,	  we	  looked	  at	  estimates	  of	  cost,	  effectiveness	  and	  time	  for	  implementation	  for	  each	  solution.	  We	  developed	  relative	  estimates	  through	  research	  of	  case	  studies	  and	  by	  obtaining	  prices	  of	  raw	  materials	  and	  labor	  with	  WPI’s	  resource	  librarian,	  Ms.	  Rebecca	  Ziino.	  We	  were	  unable	  to	  develop	  precise	  estimates	  of	  these	  categories	  because	  the	  necessary	  information	  to	  do	  so	  (such	  as	  future	  cost,	  and	  labor	  costs)	  was	  beyond	  the	  scope	  of	  our	  project.	  Therefore,	  we	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ranked	  these	  categories	  by	  a	  relative	  scale	  of	  “High”	  “Medium”	  and	  “Low”.	  This	  information	  was	  put	  together	  in	  a	  table	  (seen	  in	  Appendix	  F)	  which	  also	  included	  flood	  depths.	  	   The	  three	  categories	  of	  cost,	  effectiveness,	  and	  time	  for	  implementation	  will	  allow	  the	  City	  of	  Chelsea	  some	  flexibility	  in	  choosing	  the	  measures	  they	  want	  to	  apply	  in	  the	  future	  when	  the	  strategies	  become	  feasible,	  or	  when	  funding	  becomes	  available.	  This	  will	  enable	  the	  City	  to	  make	  better	  choices	  to	  maximize	  return	  on	  their	  investments.	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4.0	  –	  Vulnerability	  Assessments	  for	  Critical	  Buildings	  
 Before	  researching	  adaptation	  strategies	  for	  each	  building,	  we	  had	  to	  identify	  qualities	  of	  each	  site	  that	  posed	  risks	  for	  that	  building	  or	  property.	  Vulnerabilities	  were	  identified	  by	  creating	  flow	  charts	  highlighting	  opportunities	  to	  flood	  related	  failures	  and	  then	  categorized	  as	  exposure	  or	  sensitivity	  related.	  In	  addition,	  photos	  of	  each	  site	  were	  created	  showing	  the	  projected	  inundation	  levels	  from	  the	  2030	  and	  2070	  flood	  maps	  (Woods	  Hole	  Group,	  2015).	  This	  chapter	  will	  describe	  the	  critical	  function	  and	  services	  of	  a	  facility,	  then	  assess	  how	  these	  functions	  and	  services	  can	  be	  impacted	  by	  a	  flood	  in	  order	  to	  identify	  vulnerabilities	  on	  a	  building	  by	  building	  basis.	  
4.1)	  Evaluation	  of	  Carter	  Street	  Pump	  Station	  Flood	  Impacted	  Services	  The	  Carter	  Street	  Pump	  Station	  is	  critical	  to	  mitigating	  flooding	  in	  Chelsea.	  	  It	  is	  used	  to	  pump	  ground	  and	  surface	  water	  out	  of	  Chelsea	  and	  into	  the	  Market	  Street	  Culvert	  that	  Chelsea	  shares	  with	  Everett.	  	  	   After	  analyzing	  the	  flood	  maps	  provided	  by	  the	  Woods	  Hole	  Group,	  we	  overlaid	  the	  projected	  flood	  depths	  on	  a	  picture	  of	  the	  pump	  station	  to	  better	  visualize	  how	  severe	  these	  floods	  could	  be.	  This	  is	  illustrated	  by	  Figure	  8.	  The	  flood	  levels	  were	  as	  follows:	  
• 2030	  1.0%	  -­‐	  0.5-­‐2.5	  ft.	  	  
• 2030	  0.1%	  -­‐	  1	  ft.	   • 2070	  1.0%	  -­‐	  4	  ft.	  	  • 2070	  0.1%	  -­‐	  5	  ft.	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Figure	  8	  Inundation	  Depths	  of	  the	  Carter	  Street	  Pump	  Station	  These	  flood	  projections	  illustrate	  a	  level	  of	  flooding	  that	  may	  be	  enough	  to	  disable	  the	  pump	  station	  or	  make	  it	  inaccessible.	  If	  the	  pump	  station	  were	  cease	  to	  operate	  or	  become	  inaccessible	  during	  a	  flood	  event,	  the	  results	  could	  be	  devastating,	  as	  Chelsea	  would	  have	  no	  means	  to	  remove	  flood	  waters	  from	  the	  city	  in	  a	  timely	  manner.	  	  An	  intervention	  diagram,	  depicted	  in	  Figure	  9,	  highlights	  failures	  or	  intolerable	  risks,	  such	  as:	  
• Limited	  accessibility	  to	  pump	  station	  
→ Repairs	  cannot	  be	  made	  immediately,	  causing	  long	  term	  damage	  	  
• Damaged	  fuel	  tanks	  or	  electrical	  systems	  inhibit	  pump	  functionality	  
• Generator	  failure	  during	  power	  outage	  inhibits	  pump	  functionality	  
→ Property	  damage	  to	  surrounding	  residential/industrial	  area	  rapidly	  increases	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Figure	  9	  Intervention	  Diagram	  for	  the	  Carter	  Street	  Pump	  Station	  Our	  interviews	  with	  Andy	  DeSantis	  (Appendix	  B)	  indicated	  that	  the	  most	  important	  element	  of	  the	  Pump	  Station	  Planning	  was	  that	  it	  must	  be	  accessible	  during	  a	  flood,	  in	  case	  something	  were	  to	  break	  and	  needed	  emergency	  servicing.	  	  	  
4.2)	  Evaluation	  of	  Department	  of	  Public	  Works	  City	  Yard	  Flood	  Impacted	  Services	  The	  Department	  of	  Public	  Works	  (DPW)	  City	  Yard	  is	  a	  larger	  hanger-­‐style	  space	  where	  public	  maintenance	  vehicles	  are	  stored	  and	  serviced,	  tools	  are	  kept,	  and	  road	  salt,	  street	  sweeper	  dumps,	  and	  yard	  waste	  are	  stored.	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   The	  flood	  maps	  provided	  by	  the	  Woods	  Hole	  Group	  project	  notable	  flooding	  for	  2070	  and	  a	  0.1%	  situation.	  The	  projected	  levels	  of	  flooding	  are:	  
• 2030	  1.0%	  -­‐	  No	  flooding	  
• 2030	  0.1%	  -­‐	  1-­‐2.5	  ft.	  	   • 2070	  1.0%	  -­‐	  2.5-­‐4	  ft.	  	  • 2070	  0.1%	  -­‐	  3-­‐5	  ft.	  	  	  	  	  
	  
Figure	  10	  Inundation	  Depths	  for	  the	  DPW	  City	  Yard	  If	  the	  City	  Yard	  to	  become	  flooded,	  the	  maintenance	  vehicles	  inside	  would	  not	  be	  accessible,	  meaning	  any	  emergency	  response	  work	  vehicles,	  such	  as	  those	  needed	  to	  remove	  downed	  trees	  or	  haul	  away	  waste,	  would	  not	  be	  able	  to	  service	  the	  community.	  	  The	  intervention	  diagram,	  depicted	  in	  Figure	  11,	  highlights	  failures	  or	  intolerable	  risks,	  such	  as:	  
• Limited	  accessibility	  to	  DPW	  City	  Yard	  
→ Vehicles	  and	  necessary	  tools	  cannot	  be	  accessed,	  some	  of	  which	  may	  be	  needed	  for	  flood	  cleanup	  and	  response.	  	  	  
• Access	  to	  records	  and	  documents	  in	  the	  office	  spaces	  may	  be	  lost	  or	  damaged	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Figure	  11	  Intervention	  Diagram	  for	  the	  DPW	  City	  Yard	  Our	  interviews	  with	  Andy	  DeSantis	  (Appendix	  B)	  indicated	  that	  the	  most	  important	  element	  of	  the	  DPW	  City	  Yard	  was	  that	  it	  would	  ideally	  be	  accessible	  during	  a	  flood,	  however	  relocation	  of	  materials	  was	  an	  option.	  Relocation	  to	  Soldier	  Hill	  has	  been	  planned	  for	  necessary	  flood	  events,	  most	  likely	  those	  in	  the	  2070	  inundation	  depths.	  	  
	  
4.3)	  	  Evaluation	  of	  Chelsea	  Public	  High	  School	  and	  Burke	  School	  Complex	  Flood	  Impacted	  Services	  Chelsea	  Public	  High	  School	  services	  Chelsea	  teens	  between	  13	  and	  19	  years	  of	  age	  on	  a	  routine	  basis,	  but	  is	  zoned	  as	  a	  shelter	  during	  emergency	  events,	  such	  as	  a	  flood.	  Similarly,	  the	  Burke	  School	  Complex	  would	  also	  be	  used	  as	  a	  shelter,	  but	  during	  normal	  hours,	  the	  complex	  houses	  four	  elementary	  schools.	  The	  analysis	  of	  the	  Woods	  Hole	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inundation	  maps	  indicate	  flood	  levels	  anywhere	  from	  6	  inches	  to	  4.5	  ft.	  Specifically,	  the	  levels	  were:	  
Chelsea	  High	  School
• 2030	  1.0%	  -­‐	  No	  flooding	  	  
• 2030	  0.1%	  -­‐	  0.5	  -­‐	  1	  ft.	   • 2070	  1.0%	  -­‐	  4	  ft.	  	  • 2070	  0.1%	  -­‐	  4.5	  ft.	  	  
Burke	  School	  Complex
• 2030	  1.0%	  -­‐	  0.5	  ft.	  	  	  
• 2030	  0.1%	  -­‐	  0.5	  -­‐	  1	  ft.	   • 2070	  1.0%	  -­‐	  3.5	  -­‐	  4	  ft.	  	  • 2070	  0.1%	  -­‐	  4.5	  –	  5	  ft.	  	  	  
	  
Figure	  12	  Inundation	  Depths	  for	  Chelsea	  High	  School	  
	  
Figure	  13	  Inundation	  Depths	  for	  the	  Burke	  School	  Complex	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The	  flooding	  of	  the	  high	  school	  or	  Burke	  School	  Complex	  would	  lead	  to	  the	  displacement	  of	  any	  people	  who	  would	  need	  to	  seek	  shelter	  here.	  Even	  a	  six	  inch	  flood	  could	  impact	  shelter	  services,	  as	  the	  cafeteria	  is	  located	  on	  the	  first	  floor	  and	  cannot	  be	  flooded.	  	  	  An	  intervention	  diagram,	  depicted	  in	  Figure	  14,	  highlights	  failures	  or	  intolerable	  risks,	  such	  as:	  
• Limited	  accessibility	  to	  shelter	  
→ Citizens	  cannot	  use	  the	  school	  as	  a	  shelter,	  which	  may	  lead	  to	  the	  overcrowding	  of	  other	  shelters	  nearby	  
• Servers	  on	  first	  floor	  are	  lost	  due	  to	  water	  damage	  
→ High	  cost	  repair	  or	  replacement	  after	  flooding	  cleanup	  completed	  
• Generator	  failure	  	  
→ Emergency	  lighting	  and	  air	  conditioning	  fail	  
	  
Figure	  14	  Intervention	  Diagram	  for	  Chelsea	  High	  School	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Figure	  15	  Intervention	  Diagram	  for	  the	  Burke	  School	  Complex	  4.4)	  	  Evaluation	  of	  Massachusetts	  Information	  Technology	  Center	  (MITC)	  Flood	  Impacted	  Services	  The	  MITC	  is	  a	  data	  processing	  center	  for	  five	  different	  government	  agencies.	  This	  makes	  it	  a	  critical	  piece	  of	  infrastructure	  for	  both	  the	  Commonwealth	  of	  Massachusetts	  and	  the	  City	  of	  Chelsea.	  Currently.	  If	  the	  information	  stored	  within	  the	  building	  information	  were	  to	  be	  lost	  because	  of	  a	  flood	  event,	  it	  would	  be	  a	  great	  impact	  to	  all	  government	  agencies	  that	  rely	  on	  it.	  Due	  to	  the	  nature	  of	  the	  critical	  information	  stored,	  information	  on	  the	  structural	  or	  systemic	  qualities	  of	  the	  building	  could	  not	  be	  disclosed	  to	  our	  group	  during	  interviews.	  Additionally,	  photography	  was	  strictly	  prohibited	  on	  the	  premises,	  keeping	  us	  from	  taking	  scaled	  photos.	  Due	  to	  these	  two	  factors,	  we	  did	  not	  assess	  the	  vulnerability	  of	  the	  building.	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5.0	  -­‐	  Adaptation	  Strategy	  Discussion	  for	  Critical	  Buildings Flood	  adaptation	  strategies	  are	  meant	  to	  reduce	  the	  vulnerability	  of	  a	  structure	  or	  area	  to	  flooding.	  By	  reducing	  exposure	  and	  sensitivity,	  vulnerability	  can	  be	  reduced.	  In	  this	  section	  we	  will	  discuss	  adaptation	  strategies	  that	  were	  identified	  to	  be	  effective	  in	  reducing	  exposure	  and	  sensitivity,	  then	  discuss	  individual	  strategies	  that	  could	  be	  applied	  to	  the	  individual	  facilities.	  
5.1)	  Identification	  of	  Adaptation	  Strategies	  	   Following	  our	  interviews	  and	  site	  visits,	  we	  began	  another	  case	  study	  review	  in	  order	  to	  identify	  adaptation	  strategies	  that	  could	  be	  implemented	  at	  each	  of	  the	  critical	  sites.	  We	  then	  classified	  the	  solutions	  into	  two	  categories:	  those	  that	  reduce	  exposure	  and	  those	  that	  reduce	  sensitivity.	  By	  doing	  this,	  we	  were	  then	  able	  to	  consider	  strategies	  for	  each	  site.	  	  
5.1.1)	  Strategies	  to	  Reduce	  Building	  Exposure	  One	  of	  the	  ways	  to	  reduce	  building	  risk	  is	  to	  reduce	  exposure	  to	  flood	  waters.	  By	  reducing	  exposure,	  structural	  integrity	  and	  assets	  within	  the	  building	  are	  more	  likely	  to	  be	  protected.	  	  Strategies	  to	  reduce	  building	  exposure	  include:	  Tiger	  Dams,	  WIPP	  Barriers,	  flood	  panels,	  flood	  doors,	  flood	  logs,	  and	  floodwalls.	  These	  strategies	  are	  described	  in	  greater	  detail	  below,	  beginning	  with	  those	  that	  requires	  the	  least	  amount	  of	  time	  for	  preparation	  and	  ending	  with	  the	  those	  that	  requires	  the	  most.	  
Tiger	  Dams	  and	  Water	  Inflated	  Flood	  Barriers	  Tiger	  Dams	  and	  Water	  Inflated	  Flood	  Barriers	  (WIPPs)	  are	  medium/high	  cost	  emergency	  systems	  whose	  modular	  structure	  enables	  them	  to	  be	  used	  for	  high	  level	  protection	  in	  flood	  situations	  predicted	  to	  be	  between	  one	  and	  5ft	  in	  a	  short	  time	  frame.	  	  Tiger	  dams	  and	  WIPPs	  are	  used	  to	  create	  a	  small	  dam	  around	  the	  perimeter	  of	  a	  building.	  Because	  these	  systems	  are	  filled	  with	  water,	  rather	  than	  with	  sand,	  they	  are	  easier	  to	  fill,	  drain,	  and	  store	  (US	  Flood	  Control,	  n.d.-­‐a).	  	  Additionally,	  they	  can	  be	  reused	  for	  later	  events	  since	  that	  have	  a	  lifespan	  of	  about	  17	  years	  (US	  Flood	  Control,	  n.d.-­‐b).	  However,	  one	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of	  the	  major	  drawbacks	  is	  that	  given	  the	  heavy	  use	  of	  water	  and	  the	  use	  of	  triangular	  structure	  of	  barriers	  (see	  Figure	  16),	  cost	  increases	  rapidly	  to	  raise	  the	  height	  of	  the	  entire	  barrier	  (US	  Flood	  Control,	  2013).	  While	  Tiger	  Dams	  are	  capable	  of	  being	  used	  in	  flood	  situations	  up	  to	  32ft.,	  the	  cost	  effectiveness	  for	  this	  strategy	  diminishes	  for	  heights	  over	  5ft.	  Another	  factor	  for	  consideration	  is	  the	  size	  of	  Tiger	  Dams	  in	  relation	  to	  the	  area	  being	  protected.	  A	  standard	  Tiger	  Dam	  is	  19	  inches	  in	  diameter	  and	  50ft.	  long	  (US	  Flood	  Control,	  2013).	  With	  larger	  properties	  or	  buildings,	  time	  and	  number	  of	  Tiger	  Dams	  required,	  may	  be	  inefficient	  despite	  the	  effectiveness	  and	  ease	  of	  use.	  
	  
Figure	  16	  Tiger	  Dam	  diagram	  with	  approximate	  height	  and	  number	  of	  tubes	  needed	  (Tiger	  Dam	  System,	  n.d.)	  
Flood	  Panels,	  Flood	  Doors,	  and	  Flood	  Logs	  Flood	  Panels,	  Flood	  Doors,	  and	  Flood	  Logs	  are	  high	  cost	  resistance	  strategies	  for	  building	  perimeters	  that	  have	  been	  used	  in	  emergency	  preparations	  to	  protect	  buildings	  due	  to	  their	  high	  effectiveness	  and	  guaranteed	  fit.	  	  Flood	  logs	  are	  standard	  modular	  systems,	  whereby	  ‘C’	  shaped	  posts	  support	  hollow	  aluminum	  beams	  that	  slide	  down	  into	  place	  (see	  Figure	  17).	  	  These	  panels	  are	  ideal	  for	  doorways	  and	  floor-­‐to-­‐ceiling	  windows	  whose	  seals	  may	  be	  compromised	  during	  a	  flood	  event.	  The	  modular	  panels	  also	  allow	  for	  preparation	  against	  a	  varying	  level	  of	  water,	  making	  them	  a	  more	  precise	  solution	  for	  minor	  storms	  as	  opposed	  to	  Tiger	  Dams	  which	  increase	  barrier	  height	  by	  almost	  1	  foot	  with	  each	  additional	  tube.	  They	  are	  specifically	  designed	  to	  distribute	  the	  pressure	  of	  the	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water	  on	  themselves	  in	  order	  to	  not	  damage	  the	  building	  from	  water	  pressure	  caused	  by	  increasing	  water	  level	  rise	  (FEMA,	  2013).	  We	  know	  that	  the	  Massachusetts	  Water	  Resources	  Authority,	  also	  located	  in	  Chelsea,	  currently	  has	  a	  flood	  plan	  in	  place	  for	  their	  site	  and	  a	  plan	  to	  use	  the	  flood	  log	  panels	  to	  protect	  their	  property.	  However	  there	  are	  a	  variety	  of	  building	  structures	  that	  need	  to	  be	  considered.	  
	  
Figure	  17	  Example	  Flood	  Log	  (Flood	  Panel,	  2014)	  For	  situations	  where	  windows	  are	  higher,	  but	  still	  prone	  to	  flooding,	  standard	  flood	  panels	  provide	  more	  protection.	  	  Figure	  18	  shows	  flood	  panels	  are	  engineered	  to	  withstand	  high	  impact	  water	  conditions	  and	  can	  be	  laid	  over	  a	  combination	  of	  materials,	  such	  as	  bricks	  and	  glass	  windows,	  to	  protect	  building	  infrastructure.	  Mounting	  plates	  for	  both	  panels	  and	  logs	  can	  be	  installed	  prior	  to	  use,	  making	  deployment	  time	  especially	  low	  and	  the	  light	  weight	  of	  each	  panel	  makes	  them	  easy	  to	  manage	  for	  most	  people.	  While	  flood	  panels	  and	  flood	  logs	  are	  easier	  to	  deploy	  and	  less	  expensive	  than	  Tiger	  Dams	  or	  WIPPS,	  their	  storage	  takes	  up	  more	  space	  than	  a	  deflated	  Tiger	  Dam	  or	  WIPP	  barrier,	  making	  them	  harder	  to	  consider	  for	  areas	  with	  minimal	  storage.	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Figure	  18	  Custom	  Flood	  Panel	  Example	  (Flood	  Panel,	  2014)	  In	  addition	  to	  panels	  and	  logs,	  Flood	  Doors,	  also	  produced	  by	  the	  Flood	  Panel	  LLC,	  work	  the	  same	  way	  as	  a	  typical	  everyday	  door,	  however	  they	  are	  also	  reinforced	  with	  a	  sealing	  mechanism	  for	  a	  leak	  free	  fit	  (Flood	  Panel,	  2014).	  For	  commercial	  style	  buildings	  with	  minimal,	  or	  no	  windows,	  flood	  doors	  would	  be	  an	  effective	  way	  to	  reduce	  water	  flow	  into	  the	  building	  (Flood	  Panel,	  2014).	  
Floodwalls	  Floodwalls	  are	  permanent	  structures,	  typically	  made	  from	  brick	  or	  concrete	  that	  can	  keep	  a	  property	  dry	  during	  the	  event	  of	  a	  flood.	  	  A	  flood	  wall	  consists	  of	  a	  concrete	  wall	  that	  would	  go	  around	  the	  property	  with	  a	  single	  opening,	  which	  can	  be	  closed	  by	  sliding	  a	  concrete	  plate	  into	  the	  opening.	  	  There	  are	  a	  variety	  of	  flood	  wall	  types	  to	  consider,	  but	  we	  found	  extensive	  research	  by	  FEMA	  best	  outlined	  different	  construction	  options	  (FEMA,	  2014).	  There	  are	  extensive	  considerations	  to	  be	  made	  regarding	  soil	  type,	  surveyed	  lowest	  point	  of	  entry,	  and	  a	  topographic	  survey	  in	  order	  to	  ensure	  an	  effective	  flood	  wall	  (FEMA,	  2014).	  These	  walls	  take	  more	  time	  to	  construct,	  however	  they	  do	  not	  require	  much	  attention	  prior	  to	  a	  storm	  event.	  Users	  would	  simply	  come	  check	  for	  debris	  in	  the	  opening,	  clean	  it	  out,	  and	  slide	  in	  the	  concrete	  plate.	  Drawbacks	  for	  floodwalls	  include	  their	  permanence;	  they	  cannot	  have	  additional	  items	  added	  to	  it	  during	  an	  emergency	  if	  flood	  levels	  overtop	  the	  wall.	  	  However,	  they	  will	  require	  maintenance	  as	  New	  England	  weather	  may	  cause	  cracks	  or	  decay	  of	  the	  concrete	  as	  time	  went	  on.	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5.1.2)	  Strategies	  to	  Reduce	  Building	  Sensitivity	  Another	  way	  to	  reduce	  the	  vulnerability	  of	  buildings	  in	  Chelsea,	  is	  to	  reduce	  the	  sensitivity	  of	  each	  site	  by	  taking	  preliminary	  steps	  to	  allow	  the	  sites	  to	  handle	  more	  water,	  or	  to	  avoid	  an	  impact	  on	  services	  related	  to	  each	  site.	  The	  strategies	  that	  reduce	  sensitivity	  include:	  the	  relocation	  of	  critical	  resources,	  the	  raising	  of	  intricate	  systems,	  dry	  proofing,	  cisterns,	  blue	  roofs,	  and	  urban	  forestry.	  These	  strategies	  are	  described	  in	  greater	  detail	  below.	  
Relocation	  of	  Critical	  Resources	  	  Relocating	  critical	  resources	  to	  the	  community	  reduces	  the	  chances	  of	  services	  being	  interrupted	  or	  unavailable.	  Relocation	  can	  encompass	  movement	  of	  safety	  vehicles	  to	  higher	  ground,	  or	  even	  having	  a	  backup	  building	  for	  operations.	  	  	  	  	  	  	  	  	   During	  our	  time	  with	  the	  City	  of	  Chelsea,	  we	  were	  able	  to	  visit	  the	  Massachusetts	  Water	  Resources	  Authority	  (MWRA),	  a	  regional	  office	  who	  has	  already	  begun	  flood	  planning.	  Within	  their	  Chelsea	  site,	  the	  MWRA	  has	  emergency	  pumps,	  vehicles,	  and	  administrative	  services.	  After	  reviewing	  their	  flood	  plans,	  we	  learned	  that	  all	  emergency	  resources	  had	  a	  backup	  location,	  where	  essential	  services	  and	  staff	  migrated	  to	  a	  bunker-­‐style	  building	  to	  resume	  operations	  and	  trucks	  and	  other	  resources	  were	  relocated	  to	  higher	  ground.	  	  We	  believe	  that	  this	  strategy	  allows	  for	  access	  to	  vital	  equipment	  and	  services,	  and	  is	  an	  ideal	  protocol	  to	  follow	  with	  sites	  that	  offer	  flood-­‐related	  services	  through	  the	  use	  of	  heavy	  machinery	  or	  electronic	  data.	  
Raising	  Intricate	  Systems	  Renovating	  the	  building	  to	  raise	  intricate	  systems,	  such	  as	  servers	  or	  electrical	  systems	  to	  higher	  floors,	  in	  addition	  to	  moving	  backup	  power	  sources	  to	  roofs	  can	  help	  decrease	  sensitivity.	  Ensuring	  buildings	  do	  not	  lose	  power	  or	  valuable	  digital	  information	  allows	  employees	  to	  better	  serve	  the	  community.	  One	  of	  FEMA’s	  recommendations	  for	  effective	  wet	  flood	  proofing	  of	  buildings	  includes	  relocation/elevation	  of	  utilities.	  	  Wet	  flood	  proofing	  involves	  modifying	  a	  building	  to	  allow	  floodwaters	  to	  enter	  in	  order	  to	  minimize	  damage	  to	  the	  building	  (FEMA,	  2013).	  
40 | P a g e  	  
Relocating	  the	  systems	  can	  widely	  vary	  in	  price,	  depending	  on	  the	  level	  of	  the	  flood	  and	  the	  systems	  that	  would	  need	  to	  be	  relocated.	  	  This	  strategy	  includes	  a	  great	  variety	  of	  actions	  such	  as	  elevating	  the	  electrical	  system	  by	  running	  wiring	  along	  the	  top	  of	  the	  walls,	  elevating	  valuable	  infrastructure	  (e.g.	  servers,	  electronic	  equipment	  etc.),	  or	  relocation	  of	  emergency	  operation	  resources	  (e.g.	  generators,	  fuel,	  etc.).	  Preventing	  the	  damage	  of	  intricate	  systems	  would	  allow	  services	  to	  remain	  functional	  during	  a	  flood	  and	  reduce	  the	  long	  term	  impact	  on	  the	  infrastructure	  and	  on	  the	  community.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  
Dry	  Proofing	  Dry	  proofing	  buildings	  is	  an	  effective	  way	  to	  keep	  water	  out	  of	  basements	  and	  other	  rooms	  below	  water	  level,	  and	  is	  effective	  for	  floods	  up	  to	  3ft	  high.	  It	  is	  especially	  attractive	  because	  of	  its	  relatively	  low	  cost	  for	  implementation.	  Dry-­‐proofing	  techniques	  have	  been	  considered	  by	  FEMA	  as	  appropriate	  techniques	  for	  flood	  mitigation.	  The	  resistance	  towards	  floods	  would	  prevent	  the	  water	  from	  entering	  the	  buildings	  and	  damaging	  the	  systems	  and	  resources	  located	  inside.	  	  A	  dry	  flood	  proofed	  structure	  is	  made	  watertight	  below	  the	  level	  that	  needs	  flood	  protection	  to	  prevent	  floodwaters	  from	  entering.	  Making	  the	  structure	  watertight	  requires	  sealing	  the	  walls	  with	  waterproof	  coatings,	  impermeable	  membranes,	  or	  a	  supplemental	  layer	  of	  masonry	  or	  concrete	  (CITE	  FEMA-­‐Dry	  Proofing).	  Some	  of	  the	  advantages	  of	  applying	  this	  strategy	  are	  the	  relative	  low	  cost,	  the	  fact	  that	  it	  doesn’t	  require	  additional	  land	  for	  implementation	  and	  that	  it	  may	  be	  fundable	  under	  FEMA	  mitigation	  grant	  programs.	  
Cisterns	  Implementing	  a	  cistern	  underneath	  green	  space	  can	  be	  an	  effective	  strategy	  for	  lessening	  storm	  water	  runoff.	  	  This	  strategy	  would	  help	  decrease	  storm	  water	  runoff	  and	  retain	  water	  that	  would	  affect	  the	  nearby	  infrastructure	  otherwise.	  The	  implementation	  requires	  a	  high	  cost	  investment	  and	  long	  term	  implementation	  time.	  One	  of	  its	  advantages	  is	  that	  depending	  on	  the	  capacity	  of	  the	  cisterns	  installed,	  it	  has	  the	  ability	  to	  collect	  water	  from	  all	  of	  its	  surroundings,	  as	  long	  as	  a	  space	  can	  handle	  the	  large	  cistern	  volume.	  	  The	  implementation	  of	  cistern	  systems	  under	  a	  football	  field	  has	  been	  adopted	  by	  a	  school	  in	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Fukuoka,	  Japan	  (Yamashita,	  Watanabe,	  &	  Shimatani,	  2015),	  where	  the	  cisterns	  are	  filled	  with	  crashed	  stones	  combined	  with	  plastic	  walls,	  to	  sustain	  the	  structure.	  An	  effective	  combination	  of	  turf	  and	  soil	  was	  implemented	  on	  top	  for	  the	  football	  field	  to	  maintain	  its	  functionality	  and	  reduce	  flooding.	  	  	  
Blue	  Roofs	  Installation	  of	  Blue	  Roofs	  can	  be	  an	  effective	  strategy	  for	  slowing	  or	  storing	  storm-­‐water	  runoff.	  	  Through	  the	  usage	  of	  downspout	  valves,	  cisterns,	  and	  gutter	  storage	  systems,	  water	  can	  be	  temporarily	  stored	  on	  site	  and	  used	  for	  irrigation	  or	  drained	  at	  a	  later	  time.	  	  Because	  the	  flow	  rate	  to	  municipal	  drainage	  systems	  is	  reduced	  based	  on	  the	  amount	  of	  water	  collected	  on	  the	  roof,	  these	  systems	  are	  ideal	  for	  flat	  top	  buildings,	  such	  as	  schools	  or	  industrial	  space.	  One	  inch	  of	  rain	  falling	  on	  a	  1,000	  sq.	  foot	  roof	  generates	  623	  gallons	  of	  water	  for	  harvesting,	  allowing	  for	  irrigation	  use	  for	  nearby	  greenspace	  or	  pump	  out	  later.	  	  (Foster	  et	  al.,	  2011).	  These	  roofs	  are	  not	  effective	  enough	  to	  handle	  massive	  amounts	  of	  rain,	  but	  rather	  to	  help	  control	  the	  flow	  and	  storage	  of	  water	  until	  the	  flood	  event	  has	  passed.	  Blue	  Roof	  solutions	  are	  a	  low	  cost	  strategy,	  costing	  less	  than	  $5	  per	  square	  foot	  of	  space	  covered.	  These	  solutions	  do	  not	  require	  strong	  reinforcements	  compared	  to	  other	  rooftop	  drainage	  systems,	  so	  they	  also	  take	  little	  time	  to	  implement,	  making	  them	  ideal	  moderate	  solutions	  to	  flood	  mitigation	  (“THE	  VALUE	  OF	  GREEN	  INFRASTRUCTURE	  FOR	  URBAN	  CLIMATE	  ADAPTATION,”	  2011)	  
Urban	  Forestry	  Urban	  forestry,	  also	  referred	  to	  as	  bioretention,	  is	  a	  low	  cost	  method	  where	  trees	  and	  other	  vegetation	  are	  planted	  to	  catch	  pollutants	  from	  storm	  water	  runoff,	  provide	  wind	  breaks	  for	  surrounding	  buildings,	  and	  filter	  water	  before	  it	  flows	  into	  local	  water	  tables	  (Foster	  et	  al.,	  	  2011).	  	  A	  medium-­‐sized	  tree	  can	  intercept	  as	  much	  as	  2,380	  gallons	  of	  rainfall	  per	  year,	  and	  reduce	  runoff	  in	  urban	  areas	  by	  up	  to	  17%	  (“THE	  VALUE	  OF	  GREEN	  INFRASTRUCTURE	  FOR	  URBAN	  CLIMATE	  ADAPTATION,”	  2011).	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   One	  of	  the	  biggest	  reasons	  why	  bioretention	  is	  a	  favorable	  strategy	  is	  its	  low	  cost	  and	  low	  maintenance	  implementation.	  While	  it	  costs	  anywhere,	  from	  $5-­‐	  $500	  per	  tree	  to	  begin,	  the	  return	  benefits	  range	  from	  $30-­‐	  $90	  per	  year,	  yielding	  a	  $1.50	  to	  $3.00	  rate	  of	  return	  for	  every	  dollar	  invested	  (Bosch,	  2008).	  If	  these	  trees	  and	  plants	  are	  built	  into	  small	  lower	  lying	  ditches,	  water	  will	  have	  a	  larger	  area	  to	  collect	  in,	  maximizing	  these	  benefits.	  	  The	  low	  impact	  development	  of	  bioretention	  solutions	  make	  it	  a	  low	  risk	  investment	  that	  can	  reduce	  the	  vulnerability	  of	  surrounding	  buildings.	  	  Although	  this	  may	  not	  altogether	  prevent	  flooding,	  it	  will	  lessen	  impacts	  of	  a	  flood	  event.	  
5.2)	  Applicability	  of	  Adaptation	  Strategies	  to	  Critical	  Buildings	  of	  Concern	  	   Various	  adaptation	  strategies	  are	  best	  suited	  for	  different	  kinds	  of	  environments	  or	  situations.	  These	  criteria	  can	  range	  from	  land	  available,	  financial	  resources,	  or	  level	  of	  protection	  needed.	  The	  buildings	  assessed	  in	  this	  report	  have	  a	  variety	  of	  situational	  factors	  that	  make	  certain	  strategies	  better	  fits	  than	  others,	  as	  matched	  in	  this	  section.	  	  
5.2.1)	  Carter	  Street	  Pump	  Station	  Adaptation	  Strategies	  The	  pump	  station	  needs	  to	  be	  accessible	  during	  a	  flood,	  meaning	  that	  resistance	  strategies	  are	  the	  best	  fit.	  The	  adaptation	  strategies	  that	  would	  best	  fit	  the	  pump	  station	  are	  a	  flood	  wall,	  emergency	  Tiger	  Dams	  or	  WIPPs,	  and	  relocation	  of	  intricate	  systems.	  	  A	  flood	  wall	  or	  the	  use	  of	  flood	  panels	  flood	  doors	  can	  be	  an	  effective	  strategy	  to	  prevent	  the	  pump	  station	  from	  being	  exposed	  to	  flood	  waters,	  while	  still	  allowing	  access	  to	  the	  pump	  station	  through	  the	  use	  of	  a	  ladder	  to	  scale	  the	  flood	  wall.	  Similarly,	  if	  time	  is	  limited,	  a	  Tiger	  Dam	  or	  WIPP	  system	  can	  be	  an	  effective	  option	  while	  still	  allowing	  accessibility	  to	  the	  pump	  station.	  If	  either	  of	  these	  solutions	  are	  implemented,	  an	  emergency	  hatch	  should	  be	  installed	  on	  the	  roof	  of	  the	  building	  to	  provide	  access	  if	  the	  door	  to	  the	  facility	  is	  inaccessible.	  	  	   Apart	  from	  resistance	  options,	  the	  raising	  of	  intricate	  systems	  as	  described	  in	  section	  5.1.2,	  an	  accommodation	  strategy,	  would	  protect	  critical	  systems	  of	  the	  pump	  station	  should	  the	  pump	  station	  be	  exposed	  to	  floodwaters.	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5.2.2)	  	  Department	  of	  Public	  Works	  City	  Yard	  Adaptation	  Strategies	  	   As	  per	  the	  request	  of	  Chelsea’s	  Assistant	  Director	  of	  Public	  Works,	  Andy	  DeSantis,	  we	  attempted	  to	  select	  adaptation	  strategies	  for	  the	  City	  Yard	  that	  would	  allow	  it	  to	  be	  accessible	  during	  a	  flood	  event.	  Because	  the	  vehicles	  that	  are	  housed	  in	  the	  City	  Yard	  have	  to	  be	  accessible,	  most	  adaptation	  strategy	  pairings	  were	  resistance	  based.	  	  	  	   Taking	  into	  account	  the	  current	  state	  of	  the	  structure	  alone,	  the	  most	  cost	  effective	  option	  may	  be	  allowing	  the	  facility	  to	  flood,	  and	  then	  rebuilding	  the	  structure	  to	  account	  for	  the	  new	  projected	  flood	  levels.	  	  The	  new	  facility	  could	  then	  include	  a	  raised	  foundation,	  as	  well	  as	  elevated	  pavement	  surrounding	  the	  facility.	  This	  new	  facility	  could	  implement	  blue	  and	  green	  roofs	  depicted	  in	  to	  mitigate	  minor	  flooding	  as	  well.	  	   If	  the	  structure	  is	  going	  to	  be	  saved,	  one	  of	  the	  most	  effective	  strategies	  for	  would	  be	  to	  raise	  the	  electrical	  systems,	  which	  would	  allow	  much	  of	  the	  building	  to	  flood	  without	  much	  impact	  other	  than	  potential	  loss	  of	  documents	  in	  the	  office	  spaces.	  	  Additionally,	  flood	  doors	  or	  flood	  panels	  can	  be	  used	  to	  reduce	  incoming	  water,	  given	  that	  the	  building	  is	  otherwise	  metal	  paneling	  that	  can	  withstand	  minor	  flooding.	  	  
5.2.3)	  	  Chelsea	  High	  School	  and	  Burke	  School	  Complex	  Adaptation	  Strategies	  Unlike	  the	  pump	  station	  and	  city	  yard,	  the	  high	  school	  and	  Burke	  School	  Complex	  have	  some	  green	  space	  that	  can	  be	  utilized	  to	  mitigate	  flooding	  through	  resilience	  strategies.	  	  A	  possible	  strategy	  for	  storm	  water	  mitigation	  at	  both	  sites	  is	  a	  cistern.	  	  This	  strategy	  can	  be	  implemented	  under	  the	  football	  field,	  but	  may	  be	  quite	  expensive	  due	  to	  the	  need	  for	  digging	  to	  hold	  runoff.	  A	  similar	  strategy,	  a	  blue	  roof,	  can	  also	  be	  implemented	  at	  both	  sites	  depending	  on	  the	  weight	  that	  the	  roof	  is	  able	  to	  support.	  	  This	  strategy	  cannot	  entirely	  mitigate	  the	  negative	  effects	  of	  a	  large	  scale	  storm,	  but	  may	  lessen	  some	  of	  the	  negative	  impacts	  regarding	  water	  quality	  of	  runoff	  and	  delay	  return	  time	  to	  the	  local	  water	  table.	  	  	   In	  order	  to	  prevent	  the	  schools	  from	  flooding,	  custom	  flood	  panels	  can	  be	  used	  at	  the	  entrances	  to	  the	  facility	  could	  prevent	  water	  from	  getting	  inside.	  However	  the	  usage	  of	  flood	  panels	  will	  also	  prevent	  anybody	  from	  entering	  the	  building	  once	  installed,	  which	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may	  result	  in	  a	  need	  for	  earlier	  evacuation	  times	  for	  residents	  or	  alternative	  entrances	  into	  the	  buildings.	  	  Chelsea	  High	  School	  and	  the	  Burke	  School	  Complex	  both	  contain	  some	  green	  space	  that	  could	  be	  utilized	  for	  another	  adaptive	  strategy:	  urban	  forestry.	  The	  large,	  flat	  green	  space	  outside	  the	  Burke	  Complex	  has	  a	  large	  amount	  of	  room	  for	  additional	  plants	  and	  trees.	  This	  low	  impact	  design	  would	  be	  beneficial	  because	  of	  its	  ability	  to	  lessen	  wave	  damage	  on	  buildings,	  as	  well	  as	  drawing	  storm	  water	  into	  the	  ground	  during	  a	  flood	  event.	  	  
5.2.4)	  	  MITC	  Adaptation	  Strategies	  	   Due	  to	  the	  lack	  of	  information	  on	  the	  vulnerability	  of	  the	  MITC,	  we	  were	  unable	  to	  complete	  a	  full	  adaptation	  strategy	  pairing.	  The	  strategies	  highlighted	  in	  chapters	  5.1.1	  and	  5.1.2	  should	  be	  considered	  by	  MITC	  emergency	  preparedness	  planners	  to	  ensure	  maximum	  safety	  of	  equipment	  and	  staff	  if	  they	  have	  not	  done	  so	  already.	  	  To	  avoid	  damage	  to	  vital	  or	  important	  electronic	  equipment,	  MITC	  should	  consider	  raising	  these	  systems	  to	  the	  second	  floor	  of	  the	  building	  where	  it	  is	  well	  above	  the	  expected	  flood	  level	  if	  they	  have	  not	  done	  so	  already.	  If	  there	  is	  an	  emergency	  flood	  situation	  from	  storm	  surge,	  we	  hope	  the	  MITC	  considers	  the	  use	  of	  flood	  panels	  or	  Tiger	  Dams,	  due	  to	  the	  high	  effectiveness	  of	  these	  measures	  in	  keeping	  water	  away	  from	  the	  valuable	  resources	  inside.	  	  
5.3)	  Summary	  The	  implementation	  of	  flood	  adaptation	  strategies	  decreases	  the	  chances	  of	  negative	  flood	  impacts	  on	  the	  citizens	  of	  Chelsea	  and	  the	  infrastructure	  that	  houses	  necessary	  services.	  	  By	  reducing	  the	  exposure	  or	  sensitivity	  of	  a	  site,	  flood	  adaptation	  strategies	  effectively	  reduce	  the	  vulnerability	  of	  that	  site.	  	  Often	  the	  implementation	  of	  one	  adaptation	  strategy	  is	  not	  enough	  and	  multiple	  strategies	  are	  needed.	  However	  no	  amount	  of	  planning	  can	  fully	  encompass	  the	  possible	  flooding	  scenarios	  that	  may	  arise.	  The	  adaptation	  strategies	  presented	  and	  paired	  in	  this	  chapter	  aim	  to	  diminish	  negative	  outcomes,	  and	  in	  some	  cases	  block	  water	  from	  ever	  entering	  a	  building.	  	  The	  adoption	  of	  a	  combination	  of	  strategies	  can	  offer	  the	  greatest	  level	  of	  protection	  possible	  for	  Chelsea	  and	  its	  residents.	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6.0	  –	  Recommendations	  and	  Conclusions This	  project	  used	  our	  team’s	  field	  work	  and	  case	  study	  review	  to	  provide	  vulnerability	  information	  and	  adaptation	  alternatives	  for	  the	  City	  of	  Chelsea	  and	  FST	  Inc.	  This	  chapter	  will	  include	  broad	  recommendations	  for	  the	  individual	  buildings	  moving	  forward	  with	  implementation	  of	  adaptation	  strategies,	  then	  recommendations	  for	  the	  City	  of	  Chelsea	  with	  regards	  to	  planning,	  and	  finally	  recommendations	  for	  continuation	  of	  our	  research.	  
6.1)	  Recommendations	  for	  Individual	  Facilities	  	  Due	  to	  the	  limited	  time	  frame	  of	  our	  project,	  we	  were	  unable	  to	  provide	  exact	  cost	  estimates	  for	  the	  adaption	  strategies	  that	  we	  proposed,	  and	  therefore	  could	  not	  give	  accurate	  suggestions	  for	  which	  strategies	  would	  be	  the	  best	  for	  each	  building.	  	  This	  chapter	  will	  include	  broad	  recommendations	  utilizing	  the	  information	  that	  we	  have	  gathered	  regarding	  each	  facility.	  
	  
6.1.1)	  Carter	  Street	  Pump	  Station	  ·	  	  	  	  	  	  	  	  The	  City	  of	  Chelsea	  should	  focus	  their	  efforts	  on	  protecting	  the	  pump	  station	  first,	  and	  
implement	  the	  most	  effective	  strategies	  at	  this	  facility.	  	  The	  pump	  station	  is	  the	  most	  important	  facility	  of	  the	  five	  that	  our	  project	  focused	  because	  the	  pump	  station	  itself	  is	  used	  to	  mitigate	  flooding.	  	  Without	  this	  valuable	  facility,	  flooding	  in	  the	  City	  of	  Chelsea	  would	  only	  get	  worse,	  and	  therefore	  the	  survival	  of	  this	  asset	  should	  be	  ensured.	  
	  
6.1.2)	  Department	  of	  Public	  Works	  City	  Yard	  ·	  	  	  	  	  	  	  	  The	  City	  of	  Chelsea	  should	  implement	  mainly	  low	  cost	  adaptation	  strategies	  for	  the	  City	  
Yard.	  	  The	  City	  Yard’s	  most	  valuable	  resources	  are	  the	  trucks	  that	  are	  housed	  there.	  	  However,	  these	  trucks	  can	  easily	  be	  relocated	  to	  a	  higher	  elevation	  in	  the	  event	  of	  a	  flood.	  	  The	  City	  Yard	  building	  itself	  is	  beginning	  to	  decay	  and	  may	  be	  approaching	  the	  end	  of	  its	  lifespan.	  	  For	  this	  reason,	  we	  are	  only	  recommending	  the	  implementation	  of	  low	  cost	  strategies	  in	  order	  to	  protect	  the	  office	  area	  that	  is	  currently	  there. 
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6.1.3)	  Chelsea	  High	  School	  ·	  	  	  	  	  	  	  	  The	  City	  of	  Chelsea	  should	  implement	  adaptation	  measures	  for	  the	  high	  school	  that	  will	  
protect	  the	  building	  against	  flood	  damage	  until	  the	  end	  of	  its	  expected	  lifespan.	  	  Chelsea	  High	  School	  is	  currently	  used	  as	  a	  shelter	  to	  residents	  of	  the	  city	  during	  an	  emergency	  and	  it	  is	  critical	  that	  the	  facility	  is	  able	  to	  continue	  this	  use.	  	  However,	  the	  building	  is	  scheduled	  to	  be	  rebuilt	  around	  the	  year	  2070,	  at	  which	  point	  it	  can	  be	  rebuilt	  with	  the	  most	  current	  flood	  projections	  in	  mind.	  
	  
6.1.4)	  Burke	  School	  Complex	  ·	  	  	  	  	  	  	  	  The	  City	  of	  Chelsea	  should	  implement	  adaptation	  strategies	  for	  the	  Burke	  School	  Complex	  
the	  will	  protect	  the	  facility	  from	  flood	  damage	  until	  the	  end	  of	  its	  expected	  lifespan.	  	  The	  Burke	  School	  Complex	  is	  currently	  used	  as	  a	  shelter	  for	  the	  residents	  of	  the	  city	  of	  Chelsea	  during	  an	  emergency	  and	  it	  is	  vital	  that	  this	  facility	  is	  able	  to	  continue	  this	  use.	  	  The	  school	  complex	  is	  scheduled	  to	  be	  rebuilt	  around	  the	  year	  2070,	  at	  which	  point	  it	  can	  be	  rebuilt	  taking	  into	  account	  the	  most	  recent	  flood	  projections	  for	  that	  area.	  	   	  
6.1.5)	  MITC	  ·	  	  	  	  	  	  	  	  After	  creating	  our	  findings	  for	  the	  other	  critical	  sites	  during	  our	  project,	  we	  believe	  that	  
the	  MITC	  should	  begin	  considering,	  if	  they	  have	  not	  already	  done	  so,	  flood	  adaptation	  
strategies	  to	  take	  into	  account	  water	  levels	  projected	  by	  the	  2070	  inundation	  maps,	  as	  
provided	  by	  the	  Woods	  Hole	  Group	  (Woods	  Hole	  Group,	  2015).	  	  Due	  to	  the	  limited	  information	  that	  the	  MITC	  was	  able	  to	  provide	  us,	  it	  was	  difficult	  to	  identify	  which	  adaptation	  would	  be	  effective	  or	  feasible.	  	  However,	  the	  models	  provided	  by	  the	  Woods	  Hole	  Group	  are	  more	  advanced,	  and	  show	  greater	  inundation	  depths	  than	  many	  models	  available,	  including	  those	  provided	  by	  FEMA.	  It	  is	  for	  this	  reason	  that	  we	  would	  recommend	  that	  the	  MITC	  consider	  or	  reevaluate	  their	  current	  adaptation	  strategies	  based	  on	  this	  new	  information.	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6.1.6)	  Massachusetts	  Water	  Resource	  Authority	  ·	  	  	  	  	  	  	  	  We	  recommend	  that	  the	  MWRA	  should	  revise	  their	  flood	  adaptation	  plans	  to	  include	  water	  
levels	  projected	  by	  the	  2070	  inundation	  maps,	  as	  provided	  by	  the	  Woods	  Hole	  (Woods	  Hole	  Group,	  2015)	  .	  When	  we	  initially	  found	  a	  flood	  preparedness	  plan	  created	  by	  the	  MWRA,	  we	  found	  that	  it	  was	  an	  excellent	  resources	  that	  encompassed	  employees,	  services,	  and	  structural	  safety	  in	  its	  plan.	  However,	  after	  reviewing	  the	  Woods	  Hole	  model,	  which	  model	  provides	  more	  detail	  than	  the	  FEMA	  flood	  maps,	  and	  projects	  higher	  flood	  water,	  we	  know	  plans	  will	  not	  be	  effective	  for	  the	  2070	  levels	  of	  water,	  and	  therefore	  should	  be	  redone.	  	  	  
6.2)	  Recommendations	  for	  City	  of	  Chelsea	  Planning	  	  ·	  	  	  	  	  	  	  	  	  After	  completing	  research	  with	  the	  money	  from	  the	  CZM	  grant,	  the	  City	  of	  Chelsea	  should	  
review	  our	  flood	  adaptation	  strategies	  with	  members	  of	  FST	  Inc.	  to	  evaluate	  the	  plausibility	  of	  
implementation.	  Plausible	  solutions	  should	  be	  implemented	  as	  soon	  as	  possible	  pending	  
available	  funding.	  	  As	  student	  researchers	  with	  a	  limited	  time	  window	  for	  implementation,	  we	  were	  unable	  to	  create	  cost	  estimates	  for	  each	  strategy	  that	  were	  not	  relative.	  By	  utilizing	  FST’s	  access	  to	  cost	  history,	  the	  City	  of	  Chelsea	  can	  create	  more	  detailed	  estimates	  of	  cost,	  enabling	  them	  to	  find	  funding	  that	  will	  cover	  some,	  or	  all,	  of	  these	  costs.	  One	  way	  to	  consider	  evaluating	  cost	  would	  be	  a	  net	  benefits	  estimate.	  	  ·	  	  	  	  	  	  	  	  	  The	  City	  of	  Chelsea	  should	  further	  research	  costs	  of	  plausible	  solutions	  and	  provide	  specific	  
estimates	  based	  on	  the	  individual	  sites	  where	  they	  would	  be	  implemented,	  then	  complete	  a	  
cost-­‐benefit	  assessment	  of	  the	  construction	  costs	  of	  adaptation	  strategies	  vs	  rebuilding	  costs	  
for	  each	  building	  if	  either	  option	  was	  to	  be	  considered	  now,	  in	  2030	  and	  in	  2070.	  	  The	  cost	  estimates	  that	  we	  provided	  for	  the	  critical	  facilities	  were	  relative	  and	  are	  therefore	  not	  as	  precise	  as	  they	  will	  need	  to	  be	  before	  deciding	  whether	  or	  not	  to	  implement	  them.	  	  These	  estimates	  may	  be	  subject	  to	  change	  as	  the	  scale	  of	  the	  suggested	  adaptation	  measures	  is	  altered.	  	  Therefore,	  we	  recommend	  that	  the	  City	  of	  Chelsea	  conduct	  further	  research	  with	  FST,	  Inc.	  to	  create	  more	  accurate	  cost	  estimates	  for	  plausible	  solutions.	  	  Projecting	  costs	  for	  different	  time	  windows	  will	  allow	  the	  City	  of	  Chelsea	  to	  see	  how	  inflation	  can	  affect	  cost	  of	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labor	  and	  materials,	  and	  make	  a	  reason	  to	  potentially	  begin	  construction	  as	  soon	  as	  possible,	  or	  decide	  not	  to	  build	  at	  all,	  to	  minimize	  total	  cost.	  	  	  ·	  	  	  	  	  	  	  	  	  The	  City	  of	  Chelsea	  should	  prepare	  flood	  preparedness	  plans	  using	  photos	  provided	  by	  our	  
team.	  	  Despite	  our	  recommendation	  to	  revise	  the	  MWRA	  report,	  the	  structural	  layout	  of	  the	  document	  is	  ideal	  for	  highlighting	  the	  processes	  necessary	  to	  protect	  people,	  property,	  and	  services	  from	  shutting	  down	  or	  being	  damaged.	  These	  plans	  are	  especially	  vital	  for	  the	  pump	  station	  and	  city	  yard,	  which	  cannot	  be	  allowed	  to	  fail	  during	  a	  flood	  event,	  but	  should	  be	  created	  for	  all	  sites.	  Creation	  should	  be	  done	  with	  employees	  from	  each	  site	  that	  would	  have	  responsibilities	  in	  flood	  preparation	  and	  services,	  to	  ensure	  that	  all	  involved	  are	  aware	  of	  their	  roles.	  Our	  photos	  should	  be	  used	  to	  outline	  expected	  water	  levels	  and	  indicate	  how	  emergency	  structures,	  such	  as	  sandbags	  or	  Tiger	  Dams,	  could	  cover	  the	  building.	  The	  Flood	  Preparedness	  Plans	  should	  have	  installation	  instructions,	  locations	  of	  resources,	  emergency	  contact	  information,	  and	  backup	  plans	  in	  case	  of	  failures.	  These	  plans	  will	  not	  only	  serve	  as	  instructions	  for	  action	  during	  a	  flood	  event,	  but	  also	  as	  a	  sort	  of	  checklist	  in	  order	  to	  ensure	  that	  no	  crucial	  action	  is	  forgotten	  or	  performed	  incorrectly.	  	  ·	  	  	  	  	  	  	  	  	  The	  City	  of	  Chelsea	  should	  share	  the	  information	  gathered	  by	  our	  group	  with	  FST	  before	  
they	  begin	  their	  work	  to	  they	  can	  incorporate	  it	  into	  their	  project.	  	  We	  have	  modeled	  our	  project	  to	  align	  with	  the	  objectives	  of	  FST	  Inc.	  to	  ensure	  our	  deliverables	  would	  be	  usable	  resources	  for	  the	  City	  of	  Chelsea	  and	  therefore	  FST	  Inc.	  Utilizing	  the	  information	  that	  we	  have	  gathered	  with	  regards	  to	  the	  vulnerability	  and	  sensitivity	  of	  critical	  public	  facilities,	  FST	  will	  have	  the	  ability	  to	  expedite	  their	  time	  assessing	  the	  buildings.	  	  This	  will	  allow	  more	  time	  and	  money	  to	  go	  towards	  the	  implementation	  of	  adaptation	  strategies. 
6.3)	  Recommendations	  for	  Continuation	  of	  Research	  ·	  	  	  	  	  	  	  	  	  Flood	  adaptation	  solutions	  should	  be	  expanded	  into	  non-­‐municipal	  buildings	  in	  the	  area,	  
such	  as	  the	  new	  hotel,	  FBI	  building,	  and	  apartment	  complex	  currently	  being	  built.	  	  These	  buildings	  may	  not	  be	  as	  critical	  to	  the	  City	  of	  Chelsea	  as	  those	  identified	  by	  city	  officials,	  but	  they	  are	  important	  in	  bringing	  people	  into	  the	  city.	  With	  this	  influx	  of	  people,	  these	  buildings	  have	  potential	  to	  be	  very	  beneficial	  to	  Chelsea’s	  economy	  and	  therefore	  should	  be	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protected	  if	  possible.	  	  This	  could	  be	  as	  simple	  as	  sharing	  the	  2030	  and	  2070	  flood	  models	  that	  the	  Woods	  Hole	  Group	  have	  provided	  in	  order	  to	  make	  these	  sites	  aware	  of	  the	  risks	  they	  may	  be	  facing,	  and	  can	  take	  action	  if	  needed.	  	  ·	  	  	  	  	  	  	  	  	  Expand	  future	  planning	  to	  include	  neighboring	  municipalities	  to	  allow	  for	  the	  greatest	  
utilization	  of	  resources	  and	  more	  regional	  solutions.	  	  The	  City	  of	  Chelsea	  is	  located	  near	  other	  cities	  like	  Everett,	  Revere,	  Boston	  and	  Cambridge.	  Because	  of	  their	  geographical	  proximity	  they	  are	  exposed	  to	  similar	  flood	  risks.	  These	  cities	  are	  also	  exposed	  to	  adjacent	  bodies	  of	  water	  that	  include	  the	  Mystic	  River,	  the	  Charles	  River	  and	  the	  Inner	  harbor.	  For	  example,	  the	  City	  of	  Cambridge	  is	  already	  working	  on	  a	  climate	  change	  vulnerability	  assessment	  (Community	  Development	  Department,	  n.d.)	  in	  order	  to	  ensure	  the	  protection	  of	  the	  community	  and	  to	  enhance	  its	  resiliency.	  In	  order	  to	  make	  a	  better	  use	  of	  resources,	  we	  recommend	  that	  the	  City	  of	  Chelsea	  expands	  their	  planning	  to	  include	  actions	  that	  could	  be	  implemented	  in	  conjunction	  with	  neighboring	  areas.	  	  This	  could	  include	  working	  together	  with	  officials	  of	  other	  cities	  and	  pooling	  resources	  to	  create	  strategies	  that	  protect	  and	  mitigate	  floodwaters	  from	  both	  communities.	   	  	   	  	   	   	  	   	   	   	  ·	  	  	  	  	  	  	  	  	  The	  City	  of	  Chelsea	  should	  create	  zoning	  regulations	  with	  more	  rigorous	  standards	  that	  go	  
beyond	  those	  required	  to	  be	  a	  part	  of	  the	  NFIP.	  	  As	  it	  currently	  stands	  the	  City	  of	  Chelsea	  complies	  with	  NFIP	  regulations	  by	  enforcing	  floodplain	  regulations,	  maintaining	  up	  to	  date	  flood	  maps,	  and	  providing	  information	  regarding	  building	  requirements	  and	  floodplains	  to	  builders	  and	  property	  owners	  (City	  of	  Chelsea,	  2014).	  	  However,	  as	  floodplains	  evolve,	  buildings	  that	  fulfilled	  these	  requirements	  when	  they	  were	  built	  may	  not	  fulfill	  them	  any	  longer.	  It	  is	  our	  intention	  that	  by	  creating	  these	  stricter	  regulations	  that	  new	  building	  will	  outlive	  the	  zoning	  regulations	  and	  flood	  projections.	  
	  	  	  	  	  	  	  	  	  	  ·	  	  	  	  	  	  	  	  	  Continuous	  updates	  to	  flood	  preparedness	  plans	  should	  be	  made	  as	  employee	  contact	  
information	  changes,	  building	  uses	  vary,	  and	  flood	  scenarios	  evolve	  These	  flood	  preparedness	  plans	  can	  be	  a	  very	  useful	  resource	  in	  preparing	  for	  a	  flood,	  but	  as	  employee	  information	  changes,	  building	  uses	  vary,	  and	  flood	  scenarios	  evolve,	  these	  plans	  can	  become	  outdated	  and	  lose	  value.	  	  For	  instance,	  if	  a	  crucial	  employee	  cannot	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be	  contacted,	  there	  could	  be	  serious	  consequences	  that	  could	  have	  been	  prevented	  by	  updating	  these	  plans.	  	  We	  recommend	  that	  as	  new	  information	  arises	  these	  plans	  are	  updated	  immediately.	  It	  is	  our	  goal	  that	  these	  flood	  preparedness	  plans	  remain	  current	  with	  the	  status	  of	  the	  facility	  and	  its	  respective	  staff	  in	  order	  to	  continuously	  maintain	  their	  effectiveness.	  	  ·	  	  	  	  	  	  	  	  	  Adaptive	  planning	  should	  be	  expanded	  into	  residential	  areas	  and	  possible	  community	  
involvement	  projects	  could	  be	  implemented.	  While	  adapting	  critical	  public	  infrastructure	  in	  Chelsea	  to	  handle	  increased	  intensity	  and	  frequency	  of	  flooding,	  this	  leaves	  many	  residential	  areas	  without	  protection	  from	  the	  incoming	  floodwaters.	  Due	  to	  low	  economic	  standing	  of	  many	  of	  Chelsea’s	  residents,	  many	  may	  not	  be	  able	  to	  bounce	  back	  from	  damage	  caused	  by	  the	  floods.	  	  We	  recommend	  that,	  after	  preparing	  public	  facilities	  to	  manage	  increasing	  flood	  risks,	  the	  City	  of	  Chelsea	  focus	  on	  solutions	  that	  better	  protect	  residents	  of	  Chelsea	  from	  damage	  caused	  by	  flooding.	  Since	  it	  is	  not	  possible	  provide	  for	  the	  City	  of	  Chelsea	  to	  provide	  adaptive	  solutions	  for	  each	  individual	  structure,	  we	  advise	  using	  regional	  strategies	  that	  can	  affect	  a	  much	  larger	  population,	  such	  as	  the	  separation	  of	  the	  sewer	  system,	  which	  Chelsea	  is	  currently	  in	  the	  process	  of	  completing.	  	  	  Another	  approach	  for	  these	  regional	  strategies	  can	  be	  to	  employ	  a	  system	  similar	  to	  the	  Neighborhood	  Matching	  Fund	  that	  is	  a	  part	  of	  the	  Seattle	  Department	  of	  Neighborhoods	  (CITE).	  	  This	  program	  promotes	  community	  improvements	  by	  monetarily	  matching	  efforts	  made	  by	  volunteers	  of	  the	  community.	  The	  implementation	  of	  a	  similar	  program	  can	  encourage	  individual	  communities	  to	  better	  prepare	  themselves	  for	  the	  increased	  intensity	  and	  frequency	  of	  flooding.	  	  While	  the	  communities	  themselves	  may	  not	  be	  able	  to	  build	  larger	  mitigation	  measure,	  smaller	  strategies	  such	  as	  rain	  gardens	  and	  swales	  would	  be	  very	  feasible	  as	  well	  as	  beneficial	  to	  these	  communities.	  	  
6.4)	  Conclusions	  	   Increases	  in	  sea	  level	  rise	  as	  well	  as	  increasing	  intensity	  and	  severity	  of	  storms	  caused	  by	  climate	  change	  are	  putting	  the	  City	  of	  Chelsea	  at	  an	  increased	  risk	  of	  flooding.	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Recent	  projections	  identified	  facilities	  critical	  to	  the	  City	  of	  Chelsea	  to	  now	  be	  at	  risk	  of	  flooding.	  	  While	  it	  may	  not	  be	  possible	  for	  the	  City	  of	  Chelsea	  to	  prevent	  flooding	  altogether,	  protecting	  these	  critical	  buildings	  from	  flood	  damage	  may	  minimize	  the	  impact	  of	  flooding	  on	  the	  city.	  	  Our	  team	  evaluated	  the	  vulnerabilities	  associated	  with	  each	  facility	  and	  identified	  various	  adaptation	  strategies	  that	  have	  been	  shown	  to	  minimize	  flood	  damage.	  	  We	  then	  created	  pictures	  illustrating	  the	  projected	  levels	  for	  a	  1%	  and	  0.1%	  flood	  during	  the	  years	  2030	  and	  2070	  at	  each	  facility.	  	  Following	  this	  we	  created	  a	  prioritized	  list	  of	  adaptation	  strategies	  that	  could	  be	  effective	  in	  reducing	  vulnerabilities	  for	  each	  facility.	  	  This	  project	  enables	  the	  City	  of	  Chelsea	  to	  begin	  implementing	  adaptation	  strategies	  for	  the	  critical	  facilities	  which	  could	  enable	  the	  city	  as	  a	  whole	  to	  protect	  itself	  against	  the	  effects	  of	  climate	  change.	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Appendix	  A:	  Summative	  Team	  Assessment	  
 
It is our belief that our team showed excellent teamwork monitoring.  Our team 
understood and followed guidelines that we set in order to effectively accomplish various tasks 
and goals.  One of the most important guidelines that we set for ourselves was that if someone 
did not finish their assigned work during the day, he or she would finish it on their own time.  
This was valuable in holding people accountable for tasks that they were responsible for 
expected to complete. We also worked to improve our communication this term, and it was 
expected that if a team member saw something that was wrong with our paper or deliverables, he 
or she would speak up so that the item was not submitted with errors. There is still room for 
improvement in this area but our group has made substantial progress since the start of the term.   
 Our team regularly monitored our group’s processes along with individuals’ ideas, 
feelings, and contributions. This term, we began doing much of our work in our team’s google 
drive, which allowed everyone in our group to access what other group members were working 
on.  This was incredibly helpful when making major changes to our essay because it allowed 
group members to see the direction that another group member was going with their respective 
sections before writing a correlating section. This was also helpful in pointing out errors in our 
writing before submitting. Using the google drive allowed us to easily monitor other group 
members’ contributions as well.  Other than just using the google drive to monitor each other’s 
processes, we alternated which sections we would edit on the paper, which enabled us to catch 
repetitive mistakes. When sending emails, we implemented a policy to try to always cc our 
group’s alias so that all group members easily had access to information contained in the 
responses to these emails and could keep track of changes that needed to be made.  Additionally, 
an excellent way to monitor individuals’ ideas and feelings was to actively go over previous 
group and individual assessments in a constructive way.  This facilitated discussion about the 
faults of each team member and areas that could and should be improved upon.   
 We believe that our team has reflected critically on its effectiveness and has 
communicated with each other and with advisors regarding challenges we faced and have 
responded effectively to those challenges.  Towards the beginning of the term, we identified an 
issue regarding group effectiveness and communication, and notified our advisors about this 
issue.  This resulted in going to two group counseling meetings.  These meetings were very 
helpful in identifying areas where team members were severely lacking in group work as well as 
communication as well as finding ways to address this issue.  After these meetings, Andres 
worked to understand our project better and be more communicative about questions or concerns 
that he had going forward.  We also found that after these meetings all group members 
communicated much more effectively and were able to more easily ask for help from other team 
members.  We used the application GroupMe to communicate with all group members quickly 
and effectively. This was especially helpful when addressing minor concerns, or quick questions 
such as where types of information was located, when items were uploaded to the google drive, 
and confirming meeting times.   
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Appendix	  B:	  Overhead	  View	  of	  Chelsea	  with	  Critical	  Buildings	  Starred	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Appendix	  C:	  Flood	  Maps	  Provided	  by	  the	  Woods	  Hole	  Group	  and	  MassDOT	  Assumptions	  Made	  and	  Creation	  of	  the	  Maps	  	   The	  maps	  created	  by	  the	  Woods	  Hole	  group	  using	  an	  ADCIRC	  hydrodynamic	  circulation	  model	  and	  SWAN	  wave	  modeling.	  This	  modeling	  assumes	  that	  during	  a	  storm	  surge	  event,	  any	  dams	  would	  close	  all	  sluices	  and	  gates,	  that	  the	  only	  way	  for	  freshwater	  discharge	  to	  be	  passed	  downstream	  is	  by	  pump	  systems,	  and	  that	  all	  pumps	  would	  be	  operational	  and	  capable	  of	  operating	  at	  full	  capacity	  if	  needed	  (Massachusetts	  Department	  of	  Transportation,	  2015).	  The	  ADCIRC	  (ADvanced	  CIRCulation)	  modeling	  is	  typically	  used	  for	  modeling	  tides	  and	  wind	  driven	  circulation,	  analysis	  of	  hurricane	  storm	  surge	  and	  flooding,	  and	  near	  shore	  marine	  operations,	  making	  it	  an	  ideal	  model	  for	  flood	  projecting	  in	  coastal	  communities	  (State	  of	  Massachusetts,	  n.d.).	  The	  SWAN	  (Simulating	  Waves	  Nearshore)	  model	  accounts	  for	  wave	  propagation,	  wave	  generation	  by	  wind,	  white	  capping,	  dissipation	  from	  vegetation,	  and	  turbulent	  flow.	  The	  SWAN	  and	  ADCIRC	  models	  could	  be	  modeled	  on	  the	  same	  unstructured	  grid	  framework,	  making	  them	  ideal	  modeling	  candidates	  (State	  of	  Massachusetts,	  n.d.).	  	  The	  inundation	  depths	  in	  these	  models	  are	  calculated	  as	  the	  water	  surface	  elevation,	  accounting	  for	  sea	  level	  rise,	  minus	  the	  existing	  ground	  surface	  elevation	  (Kleinfelder,	  2013).	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Figure	  19	  A	  graphical	  representation	  of	  the	  relationship	  between	  sea	  level	  rise,	  storm	  surge,	  and	  inundation	  depth.	  (Kleinfelder,	  2013)	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  2030	  Inundation	  Map	  for	  1%	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2030	  Inundation	  Map	  for	  0.1%	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2070	  Chelsea	  Inundation	  Map	  for	  1%	  
	  	  	  	  	  	  	  	  	  	  	   	  
62 | P a g e  	  
2070	  Chelsea	  Inundation	  Map	  for	  0.1%	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Appendix	  D:	  Data	  Gathering	  Tables	  	  Carter	  Street	  Pump	  Station	  Questions	   Source	   Answer	  What	  day	  to	  day	  services	  are	  offered	  on	  site?	   Andy	  DeSantis	   Working	  everyday	  to	  pump	  ground	  or	  surface	  water	  to	  Market	  Street	  Culvert.	  Peak	  flow	  is	  35.7	  ft3/s	  What	  services	  would	  be	  offered	  at	  this	  site	  during	  a	  flood	  event?	   Andy	  DeSantis	   Pumping	  water	  away	  from	  Chelsea	  to	  prevent	  flooding	  How	  many	  people	  are	  serviced	  on	  a	  daily	  basis?	  What	  kinds	  of	  people	  are	  coming	  and	  going	  (E.g.	  cops	  on	  site,	  students,	  teachers,	  maintenance	  workers,	  city	  employees,	  etc.)	  
Andy	  DeSantis	   Management	  from	  the	  Chelsea	  Water	  &	  Sewer	  Department	  	  
How	  many	  people	  access	  this	  site	  on	  a	  daily	  basis?	  	   Andy	  DeSantis	   One	  person/week	  for	  maintenance	  checks.	  No	  people	  employed	  on	  sight	  	  How	  many	  people	  would	  make	  use	  of	  this	  site	  in	  a	  flood	  situation?	  How	  many	  people	  work	  in	  the	  building?	  	  
Andy	  DeSantis	   One	  person	  may	  be	  stationed	  there	  for	  a	  flood	  event,	  maybe	  two	  if	  there	  was	  an	  occupational	  hazard	  component	  such	  as	  having	  to	  go	  underground	  if	  it	  flooded	  Has	  the	  building	  had	  problems	  with	  flooding	  in	  the	  past?	  What	  was	  damaged?	  How	  often	  is	  flooding	  a	  problem?	  
Andy	  DeSantis	   Flooded	  once	  more	  than	  22	  years	  ago	  after	  sump	  pump	  failed.	  Estimated	  repair	  cost	  was	  ~$10-­‐$20K	  for	  motors	  to	  be	  replaced.	  	  
Would	  any	  resources	  need	  to	  be	  delivered	  during	  the	  flood?	  (eg	  diesel,	  food,	  water,	  etc)	   Andy	  DeSantis	   Diesel	  for	  generator	  if	  needed	  What	  kind	  of	  people	  would	  access	  (ie	  city	  employees,	  civilians,	  etc.)?	   Andy	  DeSantis	   Contracted	  Chelsea	  Water	  &	  Sewer	  Maintenance	  workers	  Would	  it	  need	  to	  be	  accessible	  during	  a	  flood?	   Andy	  DeSantis	   As	  long	  as	  it	  is	  working	  properly,	  no.	  If	  generators	  kick	  in	  or	  if	  working	  at	  or	  near	  max	  capacity,	  would	  like	  to	  have	  supervision	  	  What	  major	  services	  need	  to	   Andy	  DeSantis	   Entire	  system	  needs	  to	  be	  able	  to	  function	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be	  protected	  from	  incoming	  water?	   throughout	  the	  duration	  of	  a	  flood	  event	  Where	  is	  the	  electrical	  system	  located	  in	  the	  building?	  How	  high	  off	  the	  ground	  is	  it?	   Andy	  DeSantis	   Unknown	  What	  materials	  do	  you	  have	  in	  the	  basement?	  First	  floor?	  Second	  floor?	   Andy	  DeSantis	   Most	  of	  the	  pump	  is	  30ft	  below	  ground.	  Are	  there	  any	  other	  components	  of	  the	  sight	  that	  should	  be	  elevated?	   Andy	  DeSantis	   Potential	  relocation	  of	  diesel	  to	  rooftop	  and/or	  conversion	  to	  natural	  gas	  tanks	  How	  many	  access	  points	  are	  there	  in	  the	  building?	  Where	  are	  they?	   Andy	  DeSantis	   One	  main	  door	  to	  stairwell	  (goes	  18ft.	  down)	  but	  manholes	  may	  be	  used	  to	  hoist	  people	  down	  if	  needed	  Who	  manages	  the	  site?	  (ie	  MWRA,	  City	  of	  Chelsea,	  etc)	   Andy	  DeSantis	   Chelsea	  Water	  &	  Sewer.	  Operations	  Manager	  of	  Water	  &	  Sewer	  is	  set	  up	  for	  email	  alerts	  about	  failures	  What	  current	  flood	  protection	  measures	  are	  in	  place?	  Are	  there	  any	  measures	  to	  lessen	  the	  negative	  impacts	  of	  flooding?	  If	  so,	  what	  are	  they?	  	  	  
Andy	  DeSantis	   Email	  notifications	  for	  failures	  but	  no	  protection	  against	  failure.	  Currently	  working	  with	  City	  of	  Everett	  to	  rebuild	  culvert,	  however	  we	  were	  told	  to	  focus	  on	  the	  pump	  station	  itself.	  No	  resilliency	  efforts.	  	  Can	  resources	  be	  relocated	  (Y/N)?	   Andy	  DeSantis	   N	  How	  much	  space	  would	  be	  needed	  for	  relocation?	   Andy	  DeSantis	   N/A	  	  DPW	  City	  Yard	  
Questions	   Source	   Answer	  What	  day	  to	  day	  services	  are	  offered	  on	  site?	   Andy	  DeSantis	   Storage	  of	  materials	  and	  vehicles.	  Stores	  snow	  equipment	  and	  salt.	  	  	  What	  services	  would	  be	  offered	  at	  this	  site	  during	  a	  flood	  event?	   Andy	  DeSantis	   Some	  trucks	  may	  be	  used	  depending	  on	  height	  of	  flood	  	  How	  many	  people	  are	  serviced	  on	  a	   Andy	  DeSantis	   Have	  public	  workers	  coming	  and	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daily	  basis?	  What	  kinds	  of	  people	  are	  coming	  and	  going	  (E.g.	  cops	  on	  site,	  students,	  teachers,	  maintenance	  workers,	  city	  employees,	  etc.)	  	  
going,	  in	  addition	  to	  some	  citizens	  who	  will	  occasionally	  go	  visit	  water	  and	  sewer	  with	  residential	  problems.	  	  	  
How	  many	  people	  access	  this	  site	  on	  a	  daily	  basis?	  	   Andy	  DeSantis	   30	  people:	  crew	  -­‐	  21	  contracted	  automotive	  -­‐	  3	  contracted	  water	  &	  sewer	  -­‐	  6	  	  7	  there	  at	  one	  time:	  mechanic	  secretary	  -­‐	  1	  mechanics	  -­‐	  2	  yard	  supervisor	  -­‐	  2	  water	  service	  supervisor	  -­‐	  2	  	  How	  many	  people	  would	  make	  use	  of	  this	  site	  in	  a	  flood	  situation?	  How	  many	  people	  work	  in	  the	  building?	  	   Andy	  DeSantis	   may	  use	  trucks,	  not	  location	  Has	  the	  building	  had	  problems	  with	  flooding	  in	  the	  past?	  What	  was	  damaged?	  How	  often	  is	  flooding	  a	  problem?	  
Andy	  DeSantis	   none	  
Would	  any	  resources	  need	  to	  be	  delivered	  during	  the	  flood?	  (eg	  diesel,	  food,	  water,	  etc)	   Andy	  DeSantis	   pumps	  and	  handheld	  tools	  carried	  by	  the	  city	  yards	  What	  kind	  of	  people	  would	  access	  (ie	  city	  employees,	  civilians,	  etc.)?	   Andy	  DeSantis	   City	  employees	  Would	  it	  need	  to	  be	  accessible	  during	  a	  flood?	   Andy	  DeSantis	   It	  would	  be	  helpful,	  but	  temporary	  relocation	  is	  possible	  What	  major	  services	  need	  to	  be	  protected	  from	  incoming	  water?	   Andy	  DeSantis	   Trucks	  located	  at	  the	  city	  yard	  Where	  is	  the	  electrical	  system	  located	  in	  the	  building?	  How	  high	  off	  the	  ground	  is	  it?	   Andy	  DeSantis	   Possibly	  in	  the	  lunch	  room,	  around	  3-­‐5ft	  What	  materials	  do	  you	  have	  in	  the	  basement?	  First	  floor?	  Second	  floor?	   Andy	  DeSantis	   	  Are	  there	  any	  other	  components	  of	  the	  sight	  that	  should	  be	  elevated?	   Andy	  DeSantis	   The	  natural	  gas	  generator	  How	  many	  access	  points	  are	  there	  in	  the	  building?	  Where	  are	  they?	   Andy	  DeSantis	   main	  entrance,	  back	  doors,	  two	  big	  garage	  doors	  	  10	  garage	  openings	  Who	  manages	  the	  site?	  (ie	  MWRA,	   Andy	  DeSantis	   City	  of	  Chelsea	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City	  of	  Chelsea,	  etc)	  What	  current	  flood	  protection	  measures	  are	  in	  place?	  Are	  there	  any	  measures	  to	  lessen	  the	  negative	  impacts	  of	  flooding?	  If	  so,	  what	  are	  they?	  	  
Andy	  DeSantis	   Catch	  basins,	  none	  individual.	  Have	  email	  notifications	  so	  minor	  alarms	  can	  be	  handled	  before	  they	  escalate.	  	  	  
Can	  resources	  be	  relocated	  (Y/N)?	   Andy	  DeSantis	   Y	  -­‐	  the	  trucks	  and	  some	  sand	  and	  hand	  tools	  can	  be	  relocated	  to	  powderhorn	  hill	  How	  much	  space	  would	  be	  needed	  for	  relocation?	   Andy	  DeSantis	   Enough	  space	  for	  30	  large	  trucks	  	  Chelsea	  High	  School	  
Questions	   Source	   Answer	  What	  day	  to	  day	  services	  are	  offered	  on	  site?	   Joe	  Cooney	   normal	  school	  activities	  What	  services	  would	  be	  offered	  at	  this	  site	  during	  a	  flood	  event?	   Joe	  Cooney	   Shelter	  for	  civilians	  How	  many	  people	  are	  serviced	  on	  a	  daily	  basis?	  What	  kinds	  of	  people	  are	  coming	  and	  going	  (E.g.	  cops	  on	  site,	  students,	  teachers,	  maintenance	  workers,	  city	  employees,	  etc.)	  	  
Joe	  Cooney	   Police	  on	  a	  Daily	  basis,	  along	  with	  students	  and	  school	  employees.	  	  	  
How	  many	  people	  access	  this	  site	  on	  a	  daily	  basis?	  	   Joe	  Cooney	   TBD	  How	  many	  people	  would	  make	  use	  of	  this	  site	  in	  a	  flood	  situation?	  How	  many	  people	  work	  in	  the	  building?	  	   Joe	  Cooney	   “Thousands	  could	  be	  suited	  in	  the	  building	  Has	  the	  building	  had	  problems	  with	  flooding	  in	  the	  past?	  What	  was	  damaged?	  How	  often	  is	  flooding	  a	  problem?	  
Joe	  Cooney	   None.	  
Would	  any	  resources	  need	  to	  be	  delivered	  during	  the	  flood?	  (eg	  diesel,	  food,	  water,	  etc)	   Joe	  Cooney	   Food	  and	  water	  based	  on	  number	  of	  people	  (details	  TBD)	  What	  kind	  of	  people	  would	  access	  (ie	  city	  employees,	  civilians,	  etc.)?	   Joe	  Cooney	   civilians	  Would	  it	  need	  to	  be	  accessible	  during	  a	  flood?	   Joe	  Cooney	   It	  is	  a	  shelter	  to	  any	  kind	  of	  emergency	  and	  must	  be	  accessible.	  	  What	  major	  services	  need	  to	  be	  protected	  from	  incoming	  water?	   Joe	  Cooney	   Servers	  and	  electrical	  system	  Where	  is	  the	  electrical	  system	  located	  in	   Joe	  Cooney	   4ft	  off	  the	  ground	  on	  first	  floor	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the	  building?	  How	  high	  off	  the	  ground	  is	  it?	  What	  materials	  do	  you	  have	  in	  the	  basement?	  First	  floor?	  Second	  floor?	   Joe	  Cooney	   There	  is	  no	  basement.	  There	  are	  all	  important	  electrical	  mechanics	  and	  server	  Are	  there	  any	  other	  components	  of	  the	  sight	  that	  should	  be	  elevated?	   Joe	  Cooney	   The	  large	  servers	  and	  computers.	  How	  many	  access	  points	  are	  there	  in	  the	  building?	  Where	  are	  they?	   Joe	  Cooney	   3	  main	  entrances	  and	  several	  smaller	  ones	  for	  supplies	  Who	  manages	  the	  site?	  (ie	  MWRA,	  City	  of	  Chelsea,	  etc)	   Joe	  Cooney	   School	  department,	  and	  then	  director	  (Joe)	  What	  current	  flood	  protection	  measures	  are	  in	  place?	  Are	  there	  any	  measures	  to	  lessen	  the	  negative	  impacts	  of	  flooding?	  If	  so,	  what	  are	  they?	  	  
Joe	  Cooney	   None.	  Servers	  and	  computers	  can	  all	  easily	  be	  lifted	  to	  higher	  level	  but	  server	  cannot	  be	  operational.	  Can	  resources	  be	  relocated	  (Y/N)?	   Joe	  Cooney	   Not	  all	  (generator)	  How	  much	  space	  would	  be	  needed	  for	  relocation?	   Joe	  Cooney	   TBD	  	  Burke	  School	  Complex	  
Questions	   Source	   Answer	  What	  day	  to	  day	  services	  are	  offered	  on	  site?	   Joe	  Cooney	   School,	  no	  breaks	  for	  summer,	  in	  constant	  use	  What	  services	  would	  be	  offered	  at	  this	  site	  during	  a	  flood	  event?	   Joe	  Cooney	   Shelter	  How	  many	  people	  are	  serviced	  on	  a	  daily	  basis?	  What	  kinds	  of	  people	  are	  coming	  and	  going	  (E.g.	  cops	  on	  site,	  students,	  teachers,	  maintenance	  workers,	  city	  employees,	  etc.)	  	  
Joe	  Cooney	   Mainly	  school	  children,	  one	  officer	  on	  site,	  teachers,	  some	  custodial	  workers	  
How	  many	  people	  access	  this	  site	  on	  a	  daily	  basis?	  	   Joe	  Cooney	   Joe	  will	  get	  back	  to	  us	  How	  many	  people	  would	  make	  use	  of	  this	  site	  in	  a	  flood	  situation?	  How	  many	  people	  work	  in	  the	  building?	  	   Joe	  Cooney	   It	  is	  a	  shelter	  for	  all	  uses	  Has	  the	  building	  had	  problems	  with	  flooding	  in	  the	  past?	  What	  was	  damaged?	  How	  often	  is	  flooding	  a	  problem?	  
Joe	  Cooney	   when	  it	  was	  a	  park,	  there	  was	  flooding	  from	  the	  creek,	  but	  the	  school	  hasn’t	  flooded.	  Would	  any	  resources	  need	  to	  be	  delivered	  during	  the	  flood?	  (eg	  diesel,	  food,	  water,	  etc)	   Joe	  Cooney	   food	  and	  water	  for	  civilians	  in	  shelt	  based	  on	  the	  number	  of	  people.	  maybe	  fuel	  for	  generators	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What	  kind	  of	  people	  would	  access	  (ie	  city	  employees,	  civilians,	  etc.)?	   Joe	  Cooney	   civilians	  Would	  it	  need	  to	  be	  accessible	  during	  a	  flood?	   Joe	  Cooney	   yes	  What	  major	  services	  need	  to	  be	  protected	  from	  incoming	  water?	   Joe	  Cooney	   possibly	  electrical	  systems	  Where	  is	  the	  electrical	  system	  located	  in	  the	  building?	  How	  high	  off	  the	  ground	  is	  it?	   Joe	  Cooney	   first	  floor,	  about	  4ft	  up	  What	  materials	  do	  you	  have	  in	  the	  basement?	  First	  floor?	  Second	  floor?	   Joe	  Cooney	   1st	  floor:	  food,	  computers,	  security	  cameras,	  pretty	  much	  everything	  Are	  there	  any	  other	  components	  of	  the	  sight	  that	  should	  be	  elevated?	   Joe	  Cooney	   Generators	  How	  many	  access	  points	  are	  there	  in	  the	  building?	  Where	  are	  they?	   Joe	  Cooney	   5	  main	  entrances	  Who	  manages	  the	  site?	  (ie	  MWRA,	  City	  of	  Chelsea,	  etc)	   Joe	  Cooney	   School	  Department/Facility	  director/Head	  custodian	  What	  current	  flood	  protection	  measures	  are	  in	  place?	  Are	  there	  any	  measures	  to	  lessen	  the	  negative	  impacts	  of	  flooding?	  If	  so,	  what	  are	  they?	  	  
Joe	  Cooney	   NONE	  
Can	  resources	  be	  relocated	  (Y/N)?	   Joe	  Cooney	   not	  without	  a	  lot	  of	  money	  How	  much	  space	  would	  be	  needed	  for	  relocation?	   Joe	  Cooney	   probably	  not	  an	  option	  	  	  MITC	  
Questions	   Source	   Answer	  What	  day	  to	  day	  services	  are	  offered	  on	  site?	   Jeff	  Dill	   State	  Office	  Building	  What	  services	  would	  be	  offered	  at	  this	  site	  during	  a	  flood	  event?	   Jeff	  Dill	   NONE	  How	  many	  people	  are	  serviced	  on	  a	  daily	  basis?	  What	  kinds	  of	  people	  are	  coming	  and	  going	  (E.g.	  cops	  on	  site,	  students,	  teachers,	  maintenance	  workers,	  city	  employees,	  etc.)	  	  
Jeff	  Dill	   State	  employees,	  some	  police	  
How	  many	  people	  access	  this	  site	  on	  a	  daily	  basis?	  	   Jeff	  Dill	   N/A	  How	  many	  people	  would	  make	  use	  of	  this	  site	  in	  a	  flood	  situation?	  How	  many	  people	  work	  in	  the	  building?	  	   Jeff	  Dill	   NONE,	  	  N/A	  Has	  the	  building	  had	  problems	  with	  flooding	  in	  the	  past?	  What	  was	  damaged?	  How	  often	  is	  flooding	  a	  problem?	   Jeff	  Dill	   No	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Would	  any	  resources	  need	  to	  be	  delivered	  during	  the	  flood?	  (eg	  diesel,	  food,	  water,	  etc)	   Jeff	  Dill	   No,	  everything	  that	  would	  be	  needed	  is	  already	  there	  What	  kind	  of	  people	  would	  access	  (ie	  city	  employees,	  civilians,	  etc.)?	   Jeff	  Dill	   State	  Employees	  Would	  it	  need	  to	  be	  accessible	  during	  a	  flood?	   Jeff	  Dill	   No	  What	  major	  services	  need	  to	  be	  protected	  from	  incoming	  water?	   Jeff	  Dill	   Building	  Infrastructure	  Where	  is	  the	  electrical	  system	  located	  in	  the	  building?	  How	  high	  off	  the	  ground	  is	  it?	   Jeff	  Dill	   dual	  feeds,	  can’t	  say	  where	  What	  materials	  do	  you	  have	  in	  the	  basement?	  First	  floor?	  Second	  floor?	   Jeff	  Dill	   N/A	  Are	  there	  any	  other	  components	  of	  the	  sight	  that	  should	  be	  elevated?	   Jeff	  Dill	   N/A	  How	  many	  access	  points	  are	  there	  in	  the	  building?	  Where	  are	  they?	   Jeff	  Dill	   N/A	  There	  is	  at	  least	  1	  main	  entrance	  Who	  manages	  the	  site?	  (ie	  MWRA,	  City	  of	  Chelsea,	  etc)	   Jeff	  Dill	   State	  of	  Massachusetts	  What	  current	  flood	  protection	  measures	  are	  in	  place?	  Are	  there	  any	  measures	  to	  lessen	  the	  negative	  impacts	  of	  flooding?	  If	  so,	  what	  are	  they?	  	   Jeff	  Dill	   there	  are	  measures	  in	  place,	  but	  can’t	  disclose	  them	  MEMA	  help	  	  Can	  resources	  be	  relocated	  (Y/N)?	   Jeff	  Dill	   Yes,	  they	  have	  plans	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Appendix	  E:	  Interview	  Flow	  Guide	  	  Introductions	  “Hello	  <insert	  formal	  salutation>,	  how	  are	  you	  today?”	  	  “Our	  names	  are	  <insert	  introductions	  and	  handshakes>,	  and	  we	  are	  students	  at	  WPI	  studying	  <insert	  majors	  here>.	  Thank	  you	  for	  taking	  time	  out	  of	  your	  day	  to	  meet	  with	  us”	  	  	  **Chat	  it	  up	  a	  	  little	  bit	  	  and	  ask	  how	  everybody’s	  day	  is	  going,	  how	  their	  weekend	  was,	  etc.	  **	  	  “We’re	  working	  with	  the	  MIT	  Sea	  Grant	  program	  and	  Chelsea	  to	  make	  some	  recommendations	  about	  flood	  adaptation	  planning	  and	  resources	  until	  mid	  October.”	  	  “To	  begin,	  can	  you	  tell	  us	  about	  the	  day	  to	  day	  functions	  of	  <building>”	  	   “How	  many	  people	  work	  in	  this	  building?”	  	   “What	  services	  does	  this	  building	  provide	  that	  may	  not	  be	  obvious?”	  	   	   “How	  many	  people	  rely	  on	  these	  services?”	  	   	  “How	  would	  these	  services	  be	  impacted	  by	  a	  flood?”	  	  Possibly	  ask	  more	  probing	  questions	  	  “Has	  <building>	  had	  issues	  with	  flooding	  in	  the	  past”	  “What	  happened?”	  “How	  high	  were	  the	  floodwaters”	  “Was	  anything	  damaged?”	  “How	  much	  damage	  was	  caused?”	  “How	  often	  does	  <building>	  flood”	  	  “If	  <Building>	  were	  to	  flood,	  would	  it	  need	  to	  be	  accessible	  during	  a	  flood	  “	  “Are	  there	  measures	  that	  make	  <building>	  accessible	  during	  a	  flood”	  	   “How	  effective	  are	  these	  measures?”	  “Where	  are	  the	  access	  points	  of	  <building>?”	  	  “What	  measures	  are	  currently	  in	  place	  to	  protect	  <building>	  from	  flooding?”	  	  	  Exchange	  contact	  information.	  If	  we	  are	  going	  to	  be	  expecting	  some	  type	  of	  resource/information	  from	  them	  or	  vice	  versa,	  we	  will	  clarify	  what	  these	  are	  at	  this	  point.	  	   “Our	  group	  email	  is:	  boston15mit@wpi.edu”	  	   “Could	  you	  send	  the	  <resource>	  discussed	  to	  our	  email	  alias?”	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Appendix	  F:	  Prioritized	  Lists	  of	  Adaptation	  Strategies	  
 Carter	  Street	  Pump	  Station	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DPW	  City	  Yard	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Chelsea	  High	  School	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Burke	  School	  Complex	  
	  
